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Case Reports 


A case report is a brief description of a special case that 
provides a message that transcends the individual patient. 

Format. There is no abstract. The introduction should 
be a short paragraph giving the general background and 
the speciiic interest of the case. No more than one case 
should be described in detail (Similar ones can be men- 
tioned brefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 
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reports. 





Pictorial Essays 


A pictorial essay is an article that conveys its message 
through iltustrations and their legends. Unlike other AJR 
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pages, including the references but not the title page or 
figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 

Tables and Acknowledgments. Not appropriate in pic- 
torial essays. 
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Opinioms, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Formet. Include a title page but no abstract. Headings 
may be used to break up the text. 

Lengin. Maximum of five double-spaced, typewritten 
pages. 

References. Maximum of five. 

Tables and Figures. Maximum of four. 
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Technical Notes 


A technical note is a brief description of a specific 
technique or procedure, modification of a technique, or 
equipment of interest to radiologists. 

Format. No abstract, headings, or subheadings are re- 
quired. If headings are used, they should be a combination 
of “Case Report,” “Materials and Methods,” “Results,” and 
“Discussion.” A brief one-paragraph introduction should 
be included to give the general background. Discussion 
should be limited to the specific message, including the 
uses of the technique or equipment. Literature reviews 
and lengthy case reports are not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened 
accordingly. 

Tables and Acknowledgments. Not appropriate in tech- 
nical notes. 
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Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. Letters 
may also discuss matters of general interest to radiolo- 
gists. Do not end a letter with a hand-written signature. 

Format. All letters should be typed double-spaced on 
nonletterhead paper, with no greeting or salutation. Name 
and affiliation should appear at the end of the letter. Titles 
for letters should be short and pertinent. The title for a 
reply is simply “Reply.” 

Length. Maximum of two double-spaced, typewritten 
pages, including references. 

References. Maximum of four. 

Figures. Maximum of two. 

Tables and Acknowledgments. Not appropriate in Let- 
ters to the Editor and Replies. 









Computer Page Articles 


Articles published on the computer page deal with prac- 
tical computer applications to radiology. 

Format. Include a title page but no abstract. 

Length. Maximum of eight double-spaced, typewritten 


pages. 
References. Maximum of five. 
Figures and Tables. Maximum of five. Computer print- 
outs are not acceptable. Figures must be submitted as 5 
x 7 in. glossy prints. 





All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist and the signed 
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CT Sytec 3000. 


It all comes down to one. 


When you make your CT system decision, it all comes 
down to a single choice. GE Medical Systems—with 
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features to make CT easy and economical: 
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investments around. 


For a complete brochure on CT Sytec 3000, 
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CT and Sonographically Guided Needle Biopsy: Current 
Techniques and New Innovations 


J. William Charboneau,' Carl C. Reading, and Timothy J. Welch 


Percutaneous needle biopsy, under CT and sonographic 
guidance, has emerged as one of the important advances in 
radiology during the past 15 years [1-6]. It is now a widely 
accepted technique that can be used to establish the identity 
of masses in almost any location in the body. Most biopsies 
are performed to confirm suspected malignancy; however, 
recent technical refinements also allow characterization of 
many benign lesions [7-12]. In the early years of radiologically 
guided needle biopsy, almost all biopsies were performed 
with thin-caliber (21- to 22-gauge) needles, which provided a 
known wide margin of safety. These needles obtained a 
cytologic aspirate, which usually allowed the diagnosis of 
malignancy to be made but often was insufficient for a specific 
histologic diagnosis. Currently, a safe, reliable histologic di- 
agnosis of most malignant and many benign lesions can be 
obtained through the use of (1) large-caliber (16- to 19-gauge) 
needles, (2) needles with cutting ends, and (3) improved 
biopsy sampling techniques. A confident diagnosis can be 
expected in more than 90% of cases, including sampling of 
masses as small as 0.5-3.0 cm (Fig. 1) [11]. In addition to 
the high degree of accuracy and safety that can be obtained 
with needle biopsies, cost savings are also obtained by avoid- 
ing unnecessary operations, decreasing the duration of hos- 
pital stay, and decreasing the number of diagnostic exami- 
nations [12]. 

Many successful techniques of guided needle biopsy have 
been described previously. We did not intend in this article to 
write a comprehensive review of all the biopsy methods 


reported in the literature. Instead, we describe the biopsy 
techniques that have been successful in our personal expe- 
rience. 


Indications and Contraindications 


In most cases, percutaneous needle biopsy is performed 
to confirm suspected malignancy before nonsurgical treat- 
ment. If an operation for a suspected malignant mass is likely, 
then the need for percutaneous needle biopsy is lessened. In 
some cases, however, needle biopsy is performed to deter- 
mine the nature of an indeterminate lesion (e.g., malignant or 
benign neoplasm vs abscess). Occasionally, needle biopsy is 
performed of a suspected benign mass (e.g., parathyroid 
adenoma) to establish the diagnosis before surgical explora- 
tion [8]. The most common sites of radiologically guided 
biopsy include the liver, pancreas, retroperitoneum, adrenal 
gland, pelvis, chest, bone, extremity, and neck. 

There are three relative contraindications to needle biopsy. 
The first is an uncorrectable bleeding disorder, such as sig- 
nificantly abnormal coagulation times or thrombocytopenia. 
The second is the lack of a safe biopsy path to the mass, for 
example, a path through a large vessel such as the inferior 
vena Cava or abdominal aorta. Overlying loops of stomach or 
small intestine usually are not a contraindication to needle 
biopsy if small-caliber needles are used. The third relative 
contraindication is an uncooperative patient, in whom uncon- 
trolled motion may lead to hemorrhage. 
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Radiologic Guidance Systems 


The choice between the use of sonography or CT as the 
biopsy guidance method depends largely on the personal 
preference and previous experience of the radiologist per- 
forming the procedure. In general, the accuracy of these 
imaging methods for needle biopsy improves if one is familiar 
with the method and understands its strengths and limitations. 
In addition to physician preference, other primary considera- 
tions include the visibility, size, and location of the mass to 
be sampled by biopsy; the patient's body habitus; and the 
relative cost of the guidance methods. 

In a recent review of 1000 consecutive sonographically 
guided biopsies from our practice, most of the biopsies were 
of liver and neck masses. In a recent review of 1000 consec- 
utive CT-guided biopsies from our practice, most biopsies 
were of the liver, adrenal gland, pancreas, retroperitoneum, 
and pelvis [13]. When the data from these two studies are 
combined, approximately 90% of the 2000 biopsies were 
performed in eight anatomic locations (Fig. 2). All neck biop- 
sies were performed with sonographic guidance and almost 
all biopsies of the retroperitoneum, chest, pelvis, and adrenal 
gland were performed with CT guidance. Most liver and 
kidney biopsies were performed with sonographic guidance 
and most pancreas biopsies were performed with CT guid- 
ance. 


Sonography 


Sonography has several strengths as an imaging guidance 
system. It is relatively fast, inexpensive, portable, uses no 
ionizing radiation, has same-day availability, and can provide 
guidance in multiple axial, longitudinal, and oblique planes of 
section. Most importantly, it provides continuous real-time 
needle localization, in a manner similar to fluoroscopy. 

Modifications of traditional sonographic equipment are 
available that are designed to facilitate continuous real-time 
sonographic visualization of the biopsy needle. These include 
sonographic transducers with built-in needle slots within the 
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Fig. 1.—Sonographically guided biopsy of small 
liver metastasis. 

A, Longitudinal sonogram of liver shows 0.5-cm 
mass (arrows). 

B, Biopsy with 18-gauge needle with Rotex sty- 
let (arrow) confirms metastasis from bladder. 


US and CT guidance, % 


= Neck Kidney Liver Pancreas Retro- Chest Adrenal Pelvis 
CZ US-guided eta ew 


n=250 n=74 n=843 n=184 n=177 n=81 n=80 n=99 
Location 





CT-guided 


Fig. 2.—Data from Mayo Clinic series of 2000 sonographically (US) and 
CT-guided biopsies show approximately 90% of biopsies (n = 1788) were 
of eight regions. Sonographic guidance was preferred for all neck and 
most kidney and liver biopsies. CT guidance was preferred for most other 
regions. 





Fig. 3.—Transverse sonogram shows 18-gauge needle within 3.0-cm 
hypoechoic round mass (carcinoid metastasis, arrows) in posterior portion 
of right hepatic lobe (L). K = right kidney. 
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central or side portions of the transducer that direct the needle 
into a predetermined angle within the plane of view of the 
transducer. Alternatively, attachable so-called stretcher 
guides car be fitted to existing transducers, which also direct 
the needle to various depths from the transducer, depending 
on the angle of the guide that is set by the operator. These 
guides are widely available, but many radiologists prefer a 
“freehand” approach, in which the needle is inserted through 
the skin eirectly into the plane of view of the transducer 
without a guide [9, 11]. This approach provides great flexibility 
to the radiologist by allowing subtle freehand adjustments to 
be made during the course of the biopsy, thereby compen- 
sating for improper trajectory and patient movement. 

When performing a sonographically guided biopsy, it is 
important for both the patient and the physician to be in a 
comfortable position. It is comfortable for the radiologist to 
sit at the side of the patient with forearms and hands resting 
gently on the patient. Often, a linear-array transducer is used 
to guide biopsies because it provides a wider field of view for 
the initial portion of the needle path than does the limited near 
field of view of a sector scanner. When the acoustic window 
is limited, a sector transducer is usually preferable. Virtually 
all of our b opsies are performed with electronic phased-array 
transducers because they provide better visualization of the 
needle than do mechanical transducers. When the most con- 
spicuous mass is identified sonographically, the skin is 
marked atthe edge of the transducer before skin cleansing. 

The trarsducer can be covered with a sterile sheath, al- 
though this process is cumbersome and often results in a 
degradation of the image. Instead, the transducer may be 


CT/SONOGRAPHICALLY GUIDED NEEDLE BIOPSY 3 


cleansed with Betadine or alcohol before the biopsy and 
Cydex solution after the biopsy. This method has been used 
for several thousand sonographically guided biopsies in our 
practice, and to our knowledge there has been neither a 
complication from infection nor a transducer malfunction. 
Sterile K-Y jelly is used as an acoustic coupling agent. 

One of the most important factors affecting visibility of the 
needle during the biopsy procedure is the alignment of the 
needle relative to the ultrasound beam. When the needle is 
inserted and its path maintained within the ultrasound beam, 
one can usually visualize the needle tip (Fig. 3). If the needle 
is not visible, then the radiologist should check the alignment 
of the needle with the transducer. When there is lack of 
needle visualization, you will usually note that the needle is in 
misalignment. The needle has been either initially aligned off- 
center relative to the central beam of the transducer or angled 
through the central beam and away from the field of view of 
the transducer (Figs. 4A and 4B). An in-and-out jiggling motion 
of the needle during insertion can aid visualization. This 
causes deflection of the soft tissues adjacent to the needle 
during insertion and makes the trajectory of the needle much 
more quickly discernible within the otherwise stationary field. 

Another key factor affecting the visualization of the needle 
is the relative echogenicity of the organ on which the biopsy 
is being done. If the organ is hypoechoic, as are the liver, 
spleen, and kidney, then the visualization of the echogenic 
needle tip and shaft is usually quite good (Fig. 3). Conversely, 
if the organ is hyperechoic, such as retroperitoneal fat and 
breast parenchyma, then the visibility of the needle is very 
poor because of the inability to detect the echogenic needle 





Fig. 4.—Misalignment of ultrasound beam relative to needle is a common cause of poor needle visibility. Neck is shown with patient’s head to the left. 
A, Needle ss not aligned in center of ultrasound beam. 
B, Needle ss angled away from ultrasound beam. 

C, Needle visibility is best when needle is aligned in center of ultrasound beam. 


4 CHARBONEAU ET AL. 


within this echogenic background. This is one reason why 
sonographically guided biopsies are harder to perform in 
obese patients. 

Needle modification, such as Teflon coating and scoring of 
the surface, minimally improves the reflectivity of the needle 
in a solid organ. Conversely, the use of a screw stylet (Rotex, 
Meadox Surgimed, Oakland, NJ) markedly increases reflectiv- 
ity because the augerlike surface creates many acoustic 
interfaces that are highly reflective (Fig. 1) [14]. This stylet 
was originally designed to increase the amount of cytologic 
material obtained during fluoroscopically guided biopsy of lung 
nodules, but can be adapted for use in conjunction with 
sonographically guided biopsies. 

Sonographic guidance is optimal for the biopsy of lesions 
located superficially or at moderate depth in the thin to 
average-sized individual. Deeply located masses or masses 
in obese patients can be hard to biopsy under sonographic 
guidance because of difficulty in lesion visualization due to 
sound attenuation in the soft tissues. Similarly, lesions located 
within or deep to bone or air-filled lung or bowel cannot be 
visualized for biopsy because of the nearly complete reflection 
of sound from the bone or air interface. Finally, real-time 
sonography has a relatively long learning curve and is very 
operator dependent. Considerable experience with real-time 
scanning is necessary to obtain the proper facility in scanning 
technique that is essential to performing successful biopsies. 


CT 


CT is well established as an accurate guidance method for 
percutaneous biopsy of most regions of the body. It provides 
excellent spatial resolution of the lesion and all structures 
between the skin and the lesion, and it can provide an 
accurate image of the location of the needle tip. CT is espe- 
cially useful in needle biopsy of deep abdominal, retroperito- 
neal, pelvic, musculoskeletal, and certain thoracic lesions. 

The technique of CT-guided biopsy is generally easier to 
learn than real-time sonographically guided biopsy. To per- 
form a CT-guided biopsy, a CT level is chosen that displays 
the mass and a biopsy path that is free from overlying organs. 
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Occasionally, it is not possible to avoid overlying organs such 
as loops of small intestine or stomach, and it is necessary to 
pass a thin-gauge needle through the bowel loops. There is 
no evidence of increased risk of infection or hemorrhage when 
one traverses these structures. The skin is marked with a 
metallic marker and the needle is inserted to a predetermined 
depth and direction. Needle visualization with CT is generally 
excellent, especially if the needle is placed perfectly parallel 
to and within the center of the X-ray beam. In contrast, if the 
needle is angled superiorly or inferiorly, multiple CT slices are 
often necessary before the needle tip is visible. The key to 
recognition of the needle tip is the identification of an abrupt 
end of the needle that is often associated with a black artifact 
in the adjacent soft tissues. In contrast, the appearance of a 
CT slice through an angled needle shaft is different from the 
appearance of the needle tip: the shaft has a tapered rather 
than an abrupt appearance and it does not have an associated 
artifact (Fig. 5). 

A limitation of CT is the lack of continuous visualization of 
the needle during the insertion and biopsy. In most cases, 
however, the direction and depth of the needle can be esti- 
mated reliably with minimal need for needle repositioning. 
Another limitation of CT is its higher cost relative to sono- 
graphically guided biopsy methods. 


Preparation of Patient 


Most radiologically guided needle biopsies in our practice 
are performed with local anesthetic and on an outpatient 
basis. Premedication with parenteral sedatives or analgesics 
generally is not required unless the patient is unduly appre- 
hensive. The psychological needs of each patient must be 
considered before and during the procedure. Patients arrive 
in the radiology department with a concern about physical 
pain they may experience from the procedure. Another con- 
cern is the fear of the pathologic findings (e.g., the diagnosis 
of cancer). The physician snould be sensitive to these con- 
cerns. Patients appreciate knowing in advance of the proce- 
dure that the pain is rarely severe and it is usually well 
controlled with local anesthetic. Most patients appreciate a 


Fig. 5.—CT-guided biopsy with needle angled 
out of plane of section. 

A, When needle is angled superiorly or inferi- 
orly, a CT slice through shaft may simulate tip of 
needle. Note tapered appearance due to partial- 
volume effect (arrow). 

B, CT slice 1 cm superior to A shows needle tip 
adjacent to aorta. True needle tip exhibits an ab- 
rupt termination, often with a black artifact at 
needle tip (arrow). Adenopathy is due to met- 
astatic prostate carcinoma. 
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brief explanation before and during the procedure so that 
they are prepared for what will happen. The patient should 
understand why the biopsy is being performed, that these 
types of procedures are common, and that there is a remote 
chance of complications such as bleeding or infection from 
the procedure. In general, the patient can expect to remain in 
the department for an observation period of 1 to 2 hr after 
the procedure. The observation period may be extended if 
very large needles are used. The period of observation is 
used to evaluate any complication that might occur in this 
immediately postbiopsy period and to await the preliminary 
result of the pathologic study. If quick cytologic stains are 
available, the aspirate can be processed within 10 min, thus 
allowing a continuation of the procedure with a minimum of 
delay. If the results are not conclusive, the biopsy is repeated 
until an adequate specimen is obtained. Even though the 
results of the biopsy are usually available immediately, that 
information generally is not relayed to the patient unless the 
radiologist is prepared to discuss adequately the treatment 
alternatives, prognosis, etc. 


Needle Selection 


A wide variety of needle calibers, lengths, tip designs, and 
sampling motions have been used to retrieve cytologic and 
histologic material [15-18]. Conceptually, needles can be 
grouped into thinner gauge (20-22 gauge) or larger gauge 
(14-19 gauge). Thin-gauge needles usually can retrieve an 
adequate sample for cytologic analysis and often retrieve 
tissue for histologic studies. These needles can traverse 
bowel without substantial risk and have a minimal likelinood 
of producing hemorrhage when sampling vascular lesions. 
Thus, multiple (five or more) passes can be made when small 
needles are used. 

Large-gauge needles substantially improve the recovery 
rate for both cytologic and histologic material and generally 
require only one or two passes. In addition, the pathologist 
can more easily determine the specific type of malignant or 
benign mass from the larger core of tissue than from the 
cytologic sample. Although the risk of hemorrhage with large- 
gauge needles is very low, it is higher than the risk with thin- 
gauge needles [13]. It is rarely necessary to determine 
whether a tumor is vascular by contrast-enhanced CT before 
large-needle biopsy. In our practice, approximately 80% of 
needle biopsies are ultimately performed with larger-gauge 
needles. In a review of 1340 consecutive CT and sonograph- 
ically guided biopsies in our practice, the most commonly 
used needle size was 18 gauge (Fig. 6). 

Another way of conceptually grouping needles is by the 
configuration of the needle tip. Needles either have a sharp 
beveled tip, as with conventional and spinal needles, or they 
have a modified, tissue-cutting tip. Needles with a cutting tip 
usually obtain a core of tissue for histologic analysis. Almost 
all sonographically and CT-guided biopsies in our practice are 
performed with commercially available cutting-tip needles. 

Recently, needle and syringe modifications have been made 
to prevent the loss of tissue that occurs when the aspirate is 
sucked into the barrel of the syringe. Some needles have the 
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Fig. 6.—Comparison of needle size vs frequency of use in 1340 con- 
secutive sonographically or CT-guided biopsies from our practice. Most 
commonly used needle is 18 gauge. Approximately 80% of biopsies are 
performed with larger diameter needles (<19 gauge). 


Stylet attached to the plunger of the syringe to prevent the 
tissue sample from being aspirated into the barrel of the 
syringe (Sure-cut, Meadox Surgimed). Other needies do not 
require a syringe for suction. Instead, suction occurs when 
the stylet is pulled back through an airtight diaphragm at the 
base of the needle (E-Z-EM, Inc., Westbury, NY). 

The selection of needle size and type depends on he clinical 
setting of the biopsy. If the biopsy is being performed to 
confirm recurrence or metastasis of known malignancy in a 
patient with a previously known cell type, then confirmation 
of that cell type often can be obtained with a thin needle. If 
the type of malignancy is unknown, then large cores of tissue 
are sometimes required for reliable diagnosis of certain types 
of malignant or benign masses. Lymphoma is a typical ex- 
ample of this type of biopsy. Even with the use of large- 
caliber needles, less than half of primary lymphomas can be 
accurately tissue-typed without the need for surgical removal 
of more tissue. The value of needle biopsy in patients with 
previously known lymphoma is greater than in the initial 
diagnostic setting because both tissue specimens can be 
compared to aid in the diagnosis of recurrence. Biopsy safety 
is a primary consideration if the access route traverses either 
vascular organs (i.e., spleen) or loops of bowel. Small-caliber 
needles can be used to decrease the likelihood of potential 
hemorrhage or infection. Similarly, small needles aʻe used if 
the patient's coagulation factors are abnormal. Biopsy suc- 
cess depends greatly on the expertise of the pathologist who 
is interpreting the specimen. In general, use of large needles 
provides a tissue sample that is easier for many pachologists 
to interpret. 

When the preliminary pathologic results are available im- 
mediately after the biopsy (<1 hr), safety is improvec because 
the number of needle passes is limited to no more than that 
required to determine the diagnosis. Accuracy is also im- 
proved because if the diagnosis is not obtained from the first 
few needle passes, the biopsy is immediately repeated, often 
using a larger-caliber needle for a larger sample. Also, when 
preliminary pathologic reports are available immediately, it is 
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rarely necessary for the patients to return for a repeat biopsy 
at a later date. 


Sampling Techniques 


Most procedures can be done with the patient in a com- 
fortable supine position. However, oblique, lateral decubitus, 
or prone positions are occasionally necessary to bring the 
target into favorable position [19]. The shortest distance to 
the target is usually selected to improve the accuracy of 
needle placement. For some biopsies (Such as superficial 
hepatic cavernous hemangioma), a longer route may be se- 
lected because of the need to interpose normal tissues that 
may help prevent hemorrhage [20]. 


Single-Needle Technique 


Most of our biopsies are performed with a single needle 
and multiple sequential passes into the mass. Tissue sampling 
is performed with a pushing and turning motion while main- 
taining continuous suction on the syringe. The sample is 
placed on a slide and particulate fragments are placed in 
saline for histologic studies. The slides are smeared and 
rapidly placed in alcohol for cytologic analysis. 

A recently developed alternative to the manual advance- 
ment of the biopsy needle is the use of a needle with an 
automatic spring-loaded firing device (Biopty, C. R. Bard, 
Covington, GA). This device incorporates a modified Tru-Cut 
(Baxter Health Care Corp., Deerfield, IL) type of needle that 
instantly advances and cuts a tiny core of tissue that is 
retained within the biopsy slot on the side of the stylet. 
Usually, only one needle pass is required because these 
systems consistently produce a core of tissue [21]. 


Two-Needle Technique 


With this method, two needles are inserted into the mass. 
The first needle serves either as a guide (coaxial technique) 
or as a reference (tandem technique). With the coaxial tech- 
nique, a large-caliber needle (e.g., 18-gauge) is inserted into 
the mass first. After removal of the stylet, a longer, smaller- 
bore needle (e.g., 21-gauge) is inserted through the larger 
needle, which serves as a guide. The smaller-caliber needle 
is pushed several centimeters beyond the tip of the larger 
needle by using continuous sonographic guidance, static CT 
images, or the feel of the tissue resistance. Typically, multiple 
passes are made with the smaller needle and the final aspi- 
ration is performed with the larger needle before its removal 
from the mass. This coaxial technique has several advan- 
tages. First, only one puncture is made into the organ, which 
reduces the probability of hemorrhage and the amount of 
patient discomfort. Second, multiple ample samples of tissue 
are obtained. Third, precise needle placement is required only 
one time. This factor is especially important for masses lo- 
cated in deep or difficult locations. 

Another coaxial technique that can increase the amount of 
cytologic material is the use of the screw stylet (Rotex). This 
stylet has a 2-cm augerlike surface at the tip of the needle. 
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After a biopsy needle is inserted into the mass and its position 
documented, this stylet is inserted through the lumen of the 
needle and pushed into the tissues beyond the tip of the 
needle (Fig. 7). The grooves of the augerlike surface grasp 
the tissues and capture material, which can then be smeared 
onto a slide for cytologic analysis. 

The tandem-needle technique is not commonly used in our 
practice. With this method, a small-gauge needle is inserted 
first as a reference needle. When its proper placement is 
confirmed, additional passes are made with another needle in 
a similar direction and to a similar depth. With this method, 
tissue sampling occurs in several regions of the mass. 


Regional Biopsy Techniques 
Liver 


Biopsies done with CT guidance can be difficult with small 
masses because of the changing position of the liver, which 
occurs when patients are unable to hold their breath at the 
same level for each scan. Similarly, it can be difficult to perform 
a biopsy on masses located high in the dome of the liver with 
CT guidance. A steep angle of needle insertion is often 
required to avoid surrounding aerated lung. Because of this 
steep angle, multiple scans and needle repositions are often 
necessary to determine the correct angle and depth of inser- 
tion. Also, multiple scans are often necessary to determine 
the location of the tip of the needle. 

Alternatively, continuous sonographic guidance can be 
used instead of CT guidance for the biopsy of small liver 
masses and masses located high in the liver because the 
needle can be guided into the mass precisely (Figs. 1 and 8). 
Continuous sonographic guidance of the needle into the mass 
can be used with either a subcostal or an intercostal ap- 
proach. The subcostal approach is used when possible for 
masses that are found in the caudal portion of the liver 
because this path will not transgress the pleural space. For 
masses located in the mid or superior portion of the liver, an 
intercostal approach is generally used because it is the short- 
est path to the mass. In addition, the intercostal approach is 
used because patients usually can suspend respiration at a 
comfortable level rather than having to take in a deep breath 
and hold it as would be required in a subcostal approach. The 
intercostal approach will usually transgress the pleural space, 
but this rarely results in pneumothorax because the aerated 
lung is visualized on the sonograms or CT scans and therefore 
the aerated lung can be avoided. 


Adrenal Gland 


The two most commonly discovered adrenal masses are 
nonfunctioning adenoma and metastasis. Needle biopsy, usu- 
ally under CT guidance, is a valuable method for character- 
izing these masses. Adrenal masses can be approached with 
the patient in a prone position, but this often requires angling 
the needle superiorly to avoid lung in the posterior sulcus. 
Alternatively, a direct path to the adrenal gland that avoids 
lung often exists when the patient is in the lateral decubitus 
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Fig. 7.—Left adrenal biopsy in lateral decubitus 
position with coaxial biopsy technique. 

A, 21-gauge needle is inserted and tip is at 
surface of adrenal mass (metastatic breast ade- 
nocarcinoma). 

B, Rotex stylet (arrow) is inserted through 21- 
gauge needle into mass, and multiple cytologic 
aspirates are obtained. 21-gauge needle is used 
to perform final biopsy. 


Fig. 8.—Biopsy of metastasis in dome of right 
hepatic lobe. 

A, CT shows 3-cm vascular metastasis from 
breast in dome of liver. 

B, Biopsy with continuous sonographic guid- 
ance performed by using an intercostal space in 
longitudinal plane of view. Tip of needle (arrow) is 
within mass. 


position. This position elevates the dependent diaphragm and 
reduces respiratory motion on that side (Fig. 7) [19]. A trans- 
hepatic approach is frequently used for biopsy of the right 
adrenal gland [22]. In 100 consecutive adrenal biopsies (45 
right, 55 left) in our practice, biopsy was performed on the 
right adrenal most often with the patient supine, through the 
liver (n = 26), and with the patient prone (n = 14). Rarely, the 
right lateral decubitus position was used (n = 5). The left 
adrenal gland was most frequently biopsied with the patient 
in the left lateral decubitus position (n = 28) and prone (n = 
23). Rarely, the supine position was used (n = 4) because of 
Surrounding stomach, colon, and spleen. 


Pancreas 


The biopsy success rate in the diagnosis of pancreatic 
Carcinomas is reported to be lower than that of other organs. 
This is probably because portions of a visualized pancreatic 
mass may be desmoplastic inflammatory change associated 
with the tumor rather than tumor itself. In addition, normal 
pancreatic parenchyma may account for a substantial portion 
of an apparent pancreatic mass, especially if the CT scan is 
obtained without a rapid injection of IV contrast material (Fig. 
9). An increased success rate can be expected if the needle 
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is placed into the portion of the mass that appears hypodense 
after the rapid administration of IV contrast material. Similarly, 
an increased success rate with sonographic guidance can be 
expected if the needle is placed into the hypoechoic portion 
of the pancreatic mass rather than into echogenic regions, 
which are much more likely to be normal pancreatic paren- 
chyma. 


Presacral Masses 


Presacral recurrence of colorectal carcinoma after com- 
bined anteroposterior resection usually can be confirmed with 
a CT-guided biopsy. The finding of a soft-tissue mass in the 
presacral space is strongly suggestive of recurrent disease, 
but most oncologists require histologic proof before further 
therapy can be instituted. The transgluteal biopsy approach 
with the patient in the prone position is commonly used. The 
needle is inserted in the lateral portion of the glutea! muscles 
by using an almost horizontal needle direction so that the 
Sacrum is avoided. The sciatic nerve often can be identified 
as a discrete structure in the anterior third of the greater 
sciatic notch. Even if the nerve is not visible, damage to this 
nerve usually can be avoided by inserting the needle in the 
posterior half of the greater sciatic notch. Insertion of the 
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needle into the gluteal muscles can be painful, and, therefore, 
a large amount of local anesthetic is placed into these muscles 
with a long thin needle. The use of the two-needle coaxial 
technique often is beneficial because it reduces the need for 
multiple passes into the region and it provides an ample 
amount of tissue for a confident pathologic diagnosis (Fig. 
10). 


Cervical Masses 


High-frequency sonography can serve as a guide for needle 
biopsy of palpable and nonpalpable cervical masses, including 
those in the thyroid and parathyroid glands and lymph nodes 
(Fig. 11) (8, 9]. For these procedures, conventional, non- 
cutting-tip needles (21-25 gauge) are generally used because 
they pass through the neck muscles and fascia with minimal 
resistance and patient discomfort. The accuracy of sono- 
graphically guided cervical mass biopsy in patients with a 
history of thyroid carcinoma is 94% [9]. 


Results 


CT-directed biopsy yields highly accurate results with few 
complicat ons in almost every region where this procedure is 
applied. Review of our data from a prospective study of 1000 
cases showed that the sensitivity for the procedure was 
91.8%, its specificity was 98.9%, the positive predictive value 
was 99.7%, and the negative predictive value was 73.3% 
[13]. These results were then analyzed according to the 
region where the biopsy was done, and the accuracy rates 
ranged from 82.1% in the retroperitoneum to 100% in the 
extremity. Accuracy rates in the chest and retroperitoneum 
were lower than the rates in other locations, probably because 
of a selection toward more difficult biopsy problems. CT- 
directed biopsy is used in chest lesions only when fluoroscopy 
or other methods cannot be used, and this results in a 
selection of more difficult, smaller lesions. The lower results 
in the retroperitoneum are largely due to the large number of 
lymphoma biopsies in this location. If the biopsy is performed 
for the initial diagnosis of lymphoma, then less than half of 
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Fig. 9.—Contrast enhancement improves visi- 
bility of pancreatic adenocarcinoma. 

A, Scan obtained before IV administration of 
contrast material shows mass in body of pancreas. 

B, After administration of contrast material, car- 
cinoma is identified as hypodense area. Biopsy 
results of this area are likely to be positive. A 
biopsy of the vascular region is likely to have 
negative results. 


percutaneous biopsies will yield adequate material for the 
complete histopathologic subtyping of the lymphoma neces- 
sary to initiate appropriate chemotherpy (Habermann TM, 
Welch TJ, personal communication). A high overall accuracy 
rate for lymphoma biopsy can be obtained, however, if one 
only wants to document recurrence or relapse of a previously 
diagnosed lymphoma. In that setting, the current and previ- 
ously obtained tissue specimens can be compared. 

The accuracy of sonographically guided biopsy has been 
variously reported as 66-97% depending on the location, 
size, and histologic type of lesions biopsied [23-26]. In our 
recent series of sonographically guided biopsies of 126 con- 
secutive small solid masses, all 3 cm or less in size, in various 
anatomic locations and of varying histologic type, the accu- 
racy of biopsy was 92% [11]. Biopsy results improved with 
increasing mass size in this group of small lesions. Accuracies 
ranged from 79% in masses 1 cm in diameter or smaller to 
98% in masses between 2 and 3 cm. The accuracy in the 
liver, where most biopsies were performed, was 96%. On the 
basis of these results, we think that sonography can be used 
as an effective method to guide the biopsy of even very small, 
solid, and mobile masses, which can be difficult to sample by 
biopsy with CT guidance. 


Complications 


Needle biopsy is associated with infrequent and generally 
minor complications, including vasovagal reactions, pneumo- 
thorax, and local hematoma. There is a direct correlation 
between the size of the needle used and the complication 
and accuracy rates. A large needle size will result in greater 
diagnostic accuracy, but it will also result in an increased rate 
of complications. In our study of 1000 CT-guided biopsies, 
the rate of significant complications ranged from 0.3% with 
21-gauge needles to 3.0% with 15-gauge needles [13]. In this 
series, as well as in others, the complication rate using an 18- 
gauge needle was as low as with a 21-gauge needle [18]. 
Therefore, in our practice, the 18-gauge needle is commonly 
used because it provides an ample tissue specimen as well 
as a low complication rate. The mortality rate with needle 
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Fig. 10.—Biopsy of presacral mass (rectal 
adenocarcinoma) performed by coaxial tech- 
nique. With patient prone, a long needle is in- 
serted almost horizontally through gluteal mus- 
cles into mass. Use of coaxial technique (21- 
gauge needle [short arrow] through an 18-gauge 
needle [/ong arrow]) decreases need for multiple 
passes and provides an ample amount of tissue 
(arrowhead is near expected position of sciatic 
nerve). 


carcinoma. 


biopsy has been estimated at 0.1% or less [13, 27]. If patients 
experience substantial pain or shortness of breath after the 
biopsy, then a CT scan through the biopsy area can document 
or exclude the presence of complications such as hematoma 
or pneumothorax (Fig. 12). 

Needle-track seeding is an exceedingly rare complication 
with an estimated clinical occurrence rate of approximately 
one in 20,000 patients [28]. Single case reports of needle- 
track seeding from biopsies of the liver, pancreas, prostate, 
kidney, pleura, lung, eye, and retroperitoneum have been 
reported. 


Future 


Because of the established high level of accuracy and wide 
margin of safety of radiologically guided needle biopsy, the 
procedure is likely to be used even more widely in the future. 
More widespread use should result in better care of the 
patient by decreasing the mortality, morbidity, and cost as- 
sociated with unnecessary surgery and by decreasing the 
need for other diagnostic procedures. 

It is also likely that there will be expanded applications for 
guided needle biopsy in the future. Two of these future 
applications will most likely include (1) follow-up biopsies of 
tumors for unique pathologic studies (for example, assays for 
Special tissue receptors and for chemotherapy drug levels 
from within the tumor can be obtained [29]) and (2) percuta- 
neous needle treatment of certain diseases, such as the direct 
percutaneous needle injection of alcohol into a tumor for 
ablation of that mass. Patients who are not operative candi- 
dates may be offered the alternative of this technique, which 
has been used successfully to ablate parathyroid glands [30- 
32]. Some authors are reporting significant patient and/or 


Fig. 11.—Sonographically guided biopsy of 0.8- 
cm nonpalpable cervical lymph node (N) medial to 
right common carotid artery (C). Transverse scan 
of right side of neck shows needle (arrows) with 
tip in node. Biopsy result was metastatic thyroid 


Fig. 12.—Adrenal hemorrhage after needle 
biopsy. Patient experienced increasing back 
pain approximately 30 min after left adrenal bi- 
opsy (19-gauge needle, one pass). Repeat CT 
scan shows moderate-sized hematoma in left 
upper retroperitoneum. In symptomatic patients, 
a second CT scan will usually confirm or exclude 
hemorrhage. 


biochemical improvement in approximately 80% of treated 
patients (Solbiati L, personal communication). Percutaneous 
alcohol injection therapy is also being used to improve the 
survival rate of patients with hepatic malignancy [33, 34]. 
Other percutaneous needle treatments probably will include 
chemotherapeutic and radioactive agents, laser, and cryo- 
therapy. These new radiologically guided needle-treatment 
frontiers are a natural extension of the current guided needle 
biopsy techniques. 
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Meeting News 





The Society of Uroradiology 1989 Scientific Session, 


September 23-24 


Elizabeth Whalen! 


Originally scheduled for Hilton Head Island, SC, the 1989 
scientific session of The Society of Uroradiology was dis- 
placed by Hurricane Hugo. As attendees watched television 
news on September 21, they heard that experts expected 
Hugo (the “deadliest storm in decades”) to throw its full force 
at Savannah and nearby islands sometime early September 
22, the day most participants would fly to Savannah. Faint- 
hearted meeting arrangers might have been foiled, but Robert 
Lebowitz and Bruce McClennan decided to proceed with the 
session and change the location. Mary Ryals, of Ryals & 
Associates, took on the Herculean task of relocation, and a 
remarkably successful and smoothly run meeting was held at 
the Ritz-Cariton Hotel in Naples, FL. A meeting that took 2 
years to plan was replanned in 2 days. 

Although meeting room arrangements were a bit more 
complicated and two presenters could not attend, the pro- 
gram of the scientific presentations differed only a little from 
the original program. In the following pages is a summary of 
program highlights, organized anatomically. Abstracts are on 
pages 191-198. 


Kidney 


Fourteen of 28 presentations dealt with renal diseases and 
their treatments. Specific topics included treatment of uroli- 


thiasis, interventional procedures, sonographic diagnosis, 
renal neoplasms, and reactions to contrast material. 


Treatment of Urolithiasis 


Two studies involved extracorporeal shock-wave lithotripsy 
(ESWL) treatment for renal stones. Bruce L. McClennan 
presented a study in which an electromagnetic acoustic de- 
vice (Lithostar) was evaluated. By using pre- and postlitho- 
tripsy radiographs, McClennan and colleagues found the fol- 
lowing results on 3-month follow-up (available on 122 cf 266 
patients): 70% were free of stones, 7% needed retreatment, 
and 16% needed post-ESWL auxiliary procedures. Tc help 
compare results from different lithotripters, these researchers 
suggested an “effectiveness quotient”: % stone free/[100% 
primary treatment (assuming that 100% of patients get 1 
treatment) + % retreatment + % auxiliary procedures]. Use 
of this quotient showed that the electromagnetic acoustic 
Lithostar was as effective as other types of lithotriote’s for 
treatment of 1-cm stones. 

The popularity of and increasing use of ESWL, combined 
with concerns about ESWL’s relation to hypertension and 
trauma to renal parenchyma, led Bruce J. Hillman and col- 
leagues to study the acute and chronic renal vascular changes 
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related to ESWL in 14 rabbits. The right kidneys of the rabbits — 


received 2000 shock waves, and the left kidneys served as 
controls. Microangiography and radiography were used to 
evaluate trauma and circulation, respectively, and blinded 
macroscopic and microscopic evaluations were done. The 
results showed that the control kidneys showed little or no 
changes, but all of the ESWL-treated kidneys showed abnor- 
malities (including parenchymal hemorrhage, capsular thick- 
ening, and crowding of glomeruli). Hillman concluded that 
ESWL results in permanent alterations of renal microcircula- 
tion and that post-ESWL hemorrhage is related to vascular 
disruption. 


Interventional Procedures 


Nicholas Papanicolaou described a retrospective study of 
nine patients with horseshoe kidneys who had undergone 14 
percutaneous nephrostomy procedures. The anatomic pecu- 
liarities found included low-lying kidney, lower renal poles that 
were far anterior, anterior ureter that inserted high on the 
renal pelvis, and aberrant or supernumerary renal arteries. 
The lack of complications in these cases indicates that it is 
safe to perform percutaneous procedures in horseshoe kid- 
neys. However, uroradiologists should be aware of special 
technical considerations resulting from the described ana- 
tomic variations. 

In a study designed to explore the possibility of renal 
ablation without the use of angiography, Zoran L. Barbaric 
used seven pigs in evaluating the sequence of pathologic 
events after retrograde intrarenal reflux of ethanol, which was 
inserted into the ureter with an occlusion balloon catheter. 
Results from examination of the 14 kidneys indicated that (1) 
ethanol can be used for ablation of an unwanted kidney, (2) 
the procedure is well tolerated, but (3) the uroepithelium 
regenerates in some Cases. 

John J. Cronan (who presented a record number of four 
papers) described a study to determine the effectiveness of 
methods of renal abscess treatment (e.g., antibiotics, open 
surgical drainage, and percutaneous drainage). Imaging tech- 
niques used for abscess diagnosis included CT, sonography, 
and IV urography. He noted that the most frequently used 
percutaneous approach involved CT guidance, Seldinger 
drainage techniques, and fluoroscopic control. Results in 30 
patients indicate that two thirds of renal abscesses that 
require drainage can be managed by percutaneous methods. 

In his second presentation, Cronan discussed the results 
of a retrospective review of the records of 36 patients who 
had undergone percutaneous biopsy of malignant renal 
masses. The risk of tract seeding at the biopsy site has made 
some physicians cautious about using percutaneous biopsy 
for renal lesions. However, Cronan’s review of patients (range 
of time after biopsy, 2-7 years) suggests that the procedure 
is not only safe (no cases of tract seeding) but also helpful in 
determining the diagnosis (help was provided in every Case), 
and cost-effective in comparison with open procedures. Also, 
use of skinny needles can reduce the risk of tract seeding, 
and should tract seeding occur, it can be treated locally. 
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Sonographic Diagnosis 


In a preliminary report, Robert R. Hattery evaluated the use 
of sonography in the kidneys of 42 subjects (32 patients with 
renal calculi, 10 control subjects). Sonograms provided addi- 
tional information to radiographs in cases of hydronephrosis, 
pyonephrosis, and postlithotripsy perinephric hematoma. The 
major issues that Hattery will continue to pursue include the 
question of including a baseline sonogram as part of the 
workup for stone disease and the problems of nonshadowing 
interfaces (e.g., vessels, fornices, and pericaliceal fat), sono- 
graphic false negatives, and reproducibility of data. 

In an attempt to define sonographically the size of a normal 
adult kidney, John J. Cronan and Arthur J. Rosenfield made 
measurements of kidneys in 268 adults referred for nonuro- 
logic sonography. Results showed no significant difference 
between the lengths of the right and left kidneys (10.82 + 
1.44 cm and 10.93 + 1.16 cm, respectively) and only minimal 
decrease in kidney length with age. Large ranges in kidney 
length were observed (right, 7.3-14.2 cm; left, 6.5-14.7 cm). 
The audience’s discussion of these results focused on their 
clinical significance and included these ideas: (1) One (rather 
than two) standard deviation should be used to discriminate 
between normal and abnormal findings. (2) If kidney size 
normally does not change with age, then change may be 
noted as an abnormality. (3) Sonographic technique is impor- 
tant when assessing measurements (differences of +3 SD in 
measuring kidney length have been found among different 
technicians). (4) Body surface area may be another variable 
to consider in this context. 

Two studies dealt with sonographic detection of hydrone- 
phrosis. Robert L. Lebowitz began his presentation by noting 
that most cases of hydronephrosis in infants are now discov- 
ered in utero and that many more cases are now being found 
at the Children’s Hospital, Boston (1947-1977: 5 cases per 
year; 1979-1989: 50 cases per year). A review of the records 
of 40 infants with a double collecting system and upper pole 
hydronephrosis showed that prenatal sonography is not very 
specific (partly because most fetal sonograms are interpreted 
by people not experienced in fetal sonography). Prenatal 
diagnosis was often modified after postnatal sonography 
(70% of reviewed cases). One interesting finding was that 
lower pole reflux was present in 72% of the patients with 
ureterocele but in only 33% of the patients without uretero- 
cele. The records also indicated that voiding cystourethrogra- 
phy most precisely showed both ureterocele and reflux and 
that excretory urography defined anatomy well and correlated 
with scintigraphy. The most important conclusion that Lebo- 
witz drew from his data, however, was that prophylactic 
antibiotics should almost always be started after delivery of a 
neonate whose prenatal examinations suggest hydrone- 
phrosis. 

Some physicians make the assumption that hydronephrosis 
always can be equated with obstruction. According to John 
J. Cronan, that assumption is not valid. Sonography has 
shown a high sensitivity in diagnosing hydronephrosis, but its 
poor specificity is shown by a false-positive rate of up to 26%. 
Using the records of 80 patients with clinical obstruction and 
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290 patients with no clinical suggestion of obstruction, Cronan 
used Bayes theorem to determine the specificity of sono- 
graphic detection of grade 1 hydronephrosis. In another study 
that included 104 patients with grade 1 hydronephrosis, color 
Doppler sonography provided a significant improvement in 
specificity. 


Renal Neoplasms 


The incidental discovery of renal cell carcinoma during 
gallbladder sonography was discussed by William H. Bush. 
Between 1984 and 1989, sonographic examinations for gall- 
bladder symptoms resulted in the incidental finding of nine 
cases of renal cell carcinoma (14% of 65 renal carcinomas 
diagnosed during this period). These results are mportant 
because the survival rate can be as high as 90% when these 
carcinomas are found “serendipitously,” because the tumor 
Stage tends to be lower in tumors discovered this way. 

Morton A. Bosniak reported observations on the growth of 
renal parenchymal neoplasms. Data were collected from 13 
well-marginated tumors (follow-up, 2-8 years), and they sug- 
gest that when these neoplasms are small (<3cm) and low 
grade (i.e., are homogeneous and clearly marginated), they 
grow quite slowly. Patients who are elderly (>80 years old) 
Or poor surgical risks might be spared surgery, because these 
tumors (which are usually grade 1 or 2) tend to grow slowly 
and rarely metastasize when small. Bosniak presented sev- 
eral case studies to demonstrate this approach and empha- 
sized that recommendations from radiologists might help 
patients avoid surgery in such cases. Moreover, radiologists 
also should recommend that only partial nephrectomy be 
performed for small, well-marginated lesions that are techni- 
cally amenable to such an approach. 


Reactions to Contrast Material 


A Danish study, presented by Henrik S. Thomsen, analyzed 
the effects on urine profiles in rats after one of four different 
types of nephropathies had been induced and one of two 
contrast materials (diatrizoate and iohexol) had been admin- 
istered. Two groups of control rats were used: one group 
was given neither a nephrotoxic drug nor contrast material 
and the other was given a nephrotoxic drug and saline instead 
of contrast material. The results did not lead to clear-cut 
conclusions. In some nephropathies, diatrizoate appears to 
be less toxic; in others, iohexol may be preferred: and in 
others still, the two media seem to have similar effects. One 
general conclusion was that iohexol does not seem to be less 
nephrotoxic in rats than diatrizoate. 

Harry W. Fischer's presentation concerned this question: 
How often does a previous reactor to contrast mecia have a 
reaction to a subsequent dose? Previous studies have pro- 
duced results ranging from 15% to 50%. In Fischer and 
Robert Siegle’s experience with 342 reactors, the subsequent 
reaction rate was 5.5%, reduced from previous studies be- 
cause of the use of nonionic contrast media. In no case was 
the subsequent reaction fatal. Also discussed was the ethical 
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problem of a double-blind study in this type of research: Is it 
ethical, for the sake of research, to give ionic contrast material 
to a large group of patients who already have had reactions 
to that type of agent? Discussion after the presentation 
brought up the issue of procedures to use with patients who 
react to nonionic contrast material. The consensus was that, 
if contrast studies are necessary for this patient, the physician 
should be fully prepared for any reaction that may occur, 
although premedication may possibly help decrease the re- 
action rate. A quick poll of the approximately 40 members of 
the audience showed that only two now use nonionic contrast 
agents exclusively; the majority of radiologists present indi- 
cated that they use both ionic and nonionic agents—depend- 
ing on the individual situation and estimation of risk. 


Ureter and Retroperitoneum 


Advances in retrograde ureteral stent placement were de- 
scribed by Harold W. Mitty. He suggested that radiologists 
work cooperatively with urologists and share innovations in 
radiologic technology (e.g., open-ended catheters, vascular 
catheters with curves, glide wires, superstiff wires, and fluo- 
roscopic guidance rather than cystoscopic guidance). 

David S. Hartman discussed a retrospective review of 
patients with extraadrenal retroperitoneal paragangliomas. He 
and his colleagues studied the records of 28 patients with 33 
tumors. Blood pressure records for 25 patients showed that 
24 (96%) had hypertension; the one patient with normal blood 
pressure had had a paraganglioma. On histologic studies, a 
rich vascular network was seen, but malignancy could not be 
accurately judged. Both homogeneous and irregular CT pat- 
terns were found. CT location was distributed as follows: 
infrarenal, 40%; hilar, 30%; suprarenal, 24%; multiple loca- 
tions, 6%. The four malignant lesions all had metastases. 

A prospective series was done by Philip J. Kenney and 
colleagues to evaluate whether a scout film obtained imme- 
diately after voiding can obviate the postvoid film (PVF) in 
urographic examination for urinary retention. Six experienced 
radiologists studied 115 consecutive routine IV urograms. 
Bladder volume was calculated from both scout films and 
conventional PVFs. In 94 cases, the conventional PVF was 
either unhelpful or misleading. Kenney concluded that if the 
scout film clearly shows that the bladder has been emptied, 
conventional PVF will be unnecessary in 70-90% of patients. 
In general, PVF is unnecessary if the bladder appears normal 
on the scout film; however, PVF can be obtained if pathology 
is Suspected. These conclusions apply to adults only, as 
PVFs are important in many pediatric studies. 


Prostate and Testes 


Wilfrido R. Castaneda-Zuhiga presented two research pa- 
pers on the prostate. In the first study, thermic ablation of the 
prostate was attempted in 12 dogs (six were sacrificed im- 
mediately, and six were sacrificed after intervals of 1 week to 
2 months). The technique involved insertion of a 20-mm 
balloon catheter via a retrograde transurethral approacn and 
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circulation of boiling water through the balloon. Macroscopic 
findings in the dogs that were sacrificed immediately included 
coagulative necrosis of the inner segment of the gland; micro- 
scopic findings in these dogs indicated successful prostatec- 
tomy (100% central necrosis and 90% necrosis of the rest of 
the tissue). Results of studies in dogs sacrificed later included 
glandular atrophy and fibrosis and polymorphonuclear infiltra- 
tion in the gland. Macroscopic studies in dogs sacrificed after 
2 months showed total loss of the prostate, with spontaneous 
elimination of necrosed tissue and regeneration of urothelium. 
This preliminary study indicates that thermic ablation may be 
an alternative nonsurgical treatment for patients with prostatic 
hypertrophy. 

In the second study presented by Castaneda-Zuniga, 120 
outpatients with prostatism underwent prostatic urethroplasty 
with a balloon catheter. Diagnoses were established by eval- 
uation of symptoms, rectal examination, and cystoscopy, and 
all patients were candidates for transurethral resection of the 
prostate (TURP). Preprocedure and postprocedure radiologic 
examinations were used to evaluate success. The treatment 
was more successful in men with mild symptoms or with 
definite symptoms and small amounts of residual urine than 
in men with definite symptoms and significant amounts of 
residual urine or other complications, or with acute or chronic 
retention (improvement rates after 1 year, 45% vs 15%, 
respectively). The 3-month improvement rate was 66%, and 
the 12-month rate was 59%. Complications included bleeding 
(18) and postprocedure urinary retention (9); no serious side 
effects occurred. Discussion after the presentation indicated 
that (1) TURP candidacy is a more important criterion for the 
procedure than is any set of symptoms and (2) that the 
psychological factor in prostate problems should be consid- 
ered (reassurance by a physician can result in improvement 
in many patients). 

John T. Cuttino reported results in 211 patients who under- 
went transrectal sonographically guided biopsy of the pros- 
tate. His group has found that a significant proportion of 
cancers are within reach of the needle and that use of the 
recently developed Biopty gun (Bard, Billerica, MA) helps 
make the procedure quick (15 min) and well tolerated. The 
technique used included prebiopsy antibiotic coverage and 
checks of clotting parameters and temperature, as well as 
postbiopsy antibiotic coverage, voiding as a requirement for 
patient discharge, and warnings to the patient about infection 
and hematuria. Results showed a positive predictive value for 
the procedure of 50%; also, correct negative results were 
given in 38 of 43 true-negative cases. Complications included 
hematuria, fever, aerobic and anaerobic sepsis, cystitis, pros- 
tatitis, and bacteremia. Questions posed to Cuttino included 
procedure mortality and the application of biopsy findings 
(what are we going to do with all the cancers found’). 

Use of endorectal surface-coil MR imaging in staging pros- 
tate cancer was the topic of the society’s award-winning 
paper, presented by Howard M. Pollack. Pollack’s group at 
the University of Pennsylvania undertook a prospective study 
to use MR imaging for differentiating stage B and stage C 
cancer. They found that a low-signal-intensity lesion limited 
to the normally high-signal peripheral zone correlated with 
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stage B cancer and that the extension of the low-signal lesion 
into periprostatic fat or neurovascular bundle indicates stage 
C cancer. Agreement with pathologic studies on 21 of 23 
patients shows a 91% accuracy for cancer staging by MR 
surface-coil imaging. The advantage of endorectal surface- 
coil MR imaging is the detailed anatomic information of the 
prostate and surrounding structures that it provides. Partici- 
pants at the meeting stressed the importance of staging 
accurately, given that some surgeons are much more aggres- 
sive in treatment of stage B cancer than they are with stage 
C. One question led the speaker to mention that his group 
had tried both gadolinium-enhanced MR imaging and fast 
scanning and that neither technique significantly improved 
image quality or accuracy; however, MR spectroscopy may 
have future potential in cancer evaluation. 

MR spectroscopy was the focus of the presentation by 
Hedvig Hricak. In her study, °'P MR spectroscopy was used 
to evaluate testicular pathology: to establish the normal spec- 
troscopic findings and evaluate the potential of MR spectros- 
copy in tumor evaluation. Included in this study were 13 
patients with various testicular abnormalities. Significant dif- 
ferences were found in the spectroscopic characteristics of 
normal and azoospermic testes, and spectroscopic findings 
in torsion were particularly dramatic (increased levels of inor- 
ganic phosphate and decreased levels of adenosine triphos- 
phate). °'P MR spectroscopy also differentiated normal testes 
from tumor and testicular atrophy. In one problematic case of 
torsion the patient reported pain in the left testis but none in 
the right. Sonography showed a normal left testis but a lesion 
in the right testis, whereas MR imaging showed the lesion on 
the right as a simple cyst, and the left testis as diffusely 
abnormal. MR spectroscopy helped clarify the diagnosis by 
showing ischemic changes of the left testis, rendering the 
diagnosis of intermittent torsion, which was subsequently 
confirmed at surgery. 

Arthur T. Rosenfield presented a study on the clinical and 
radiologic characteristics of the hilum of the testis, which can 
mimic tumor. Through examination of cases and cadaveric 
studies, Rosenfield’s group identified the findings that distin- 
guished testicular hilum from tumors, including the following: 
the hilum is (1) never palpable, (2) next to and symmetric 
about the mediastinum, and (3) sometimes recognizable by 
flow on color Doppler studies. Lesions that may look like a 
hilum are infarct, lobar inflammation, and germ cell tumor. 
Rosenfield stressed that recognizing a testicular hilum is 
important because the hilum itself is not important and, there- 
fore, no treatment is necessary. (The speaker quoted Shake- 
speare’s King Lear: “Nothing will come of nothing.”) 


Fallopian Tubes and Uterus 


Two studies on fallopian tube recanalization were pre- 
sented. Alan C. Winfield described results from a series of 20 
patients (28 fallopian tubes). Using techniques such as trans- 
vaginal recanalization, radiologists can help clear tubes that 
are obstructed in the proximal segment. The higher cost of 
surgery can be avoided, as well as unnecessary surgery done 
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when either spasm or plug (rather than anatomic abnormality) 
is the cause of proximal tubal obstruction. The initial success 
rate in these 20 patients is 75% (24 of 32 procedures); 
complications included three known tubal perforations. The 
learning curve of the procedure is illustrated by the distribution 
of the failures: seven in the first 10 patients and one in the 
second 10 patients. Unresolved issues about this procedure 
include selection of patients, use of fluoroscopy vs use of 
hysteroscopy, and effectiveness of balloon catheters. 

Additional data were provided by Marco A. Amendola, who 
discussed 14 fluoroscopic transcervical fallopian tube reca- 
nalizations. He reported an 88% success rate, with one 
perforated tube and one low-grade fever. Six-month follow- 
up on three patients showed that three of five tubes were still 
open. Both presentations on tubal recanalization showed the 
procedure to be safe, well tolerated, and effective. 

In a study comparing the value of hysterosalpingography 
(HSG) with that of MR imaging for visualization of the uterus 
before myomectomy, Isabel C. Yoder found that myomas 
show up best on T2-weighted MR images obtained with a 
1.5-T magnet. She recommended that HSG be used only 
when the fallopian tubes also need to be shown, because MR 
imaging shows myomas (particularly small ones) much better 
than HSG. However, HSG does well in detecting submucous 
myomas; of the six in this study, HSG showed smooth filling 
defects in all, a moderately enlarged uterine cavity (20-30 
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cm”) in four, and a huge uterine cavity (120-200 cm?) in two. 
MR appearance of submucous myoma included hypointense 
masses on T2-weighted images and a disrupted junctional 
zone. Also, MR imaging usually can determine accurately the 
number, size, and location of myomas and thus can be used 
preoperatively whenever a noninvasive technique is preferred; 
an accurate count is particularly important for surcical plan- 
ning because unremoved myomas may grow and cause 
further problems. 


Umbilical Artery in Neonates 


James J. Conway discussed complications of umbilical 
artery thrombosis in the neonate, which include renal hyper- 
tension, hepatic necrosis, and intestinal necrosis. Most of the 
patients are full-term neonates; routinely they are evaluated 
with sonography and given vigorous treatment with anti- 
thrombolytic agents. With time, many show improvement. 
Scintigraphic findings characteristic of umbilical artery throm- 
bosis include persistent aortic and decreased iliac artery and 
renal flow. Typical laboratory findings include thrombocyto- 
penia, hypofibrinogenemia, and increased fibrinogen split 
products. Hypertension or hematuria in a neonate who has 
an umbilical artery catheter calls for scintigraphic as well as 
sonographic tests. Results from these studies can help de- 
termine both severity of thrombosis and long-term prognosis. 
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Book Review 


House Officer. Becoming a Medical Specialist. By Richard Cohen. New York: Plenum, 263 pp., 1988. $24.50 


Numerous books describing the medical experiences of students, 
housestaff, and attending physicians are published yearly. These 
books are largely autobiographical, with emphasis on personal ex- 
perience and anecdotes rather than on broad observations and 
commentary on the field of medicine. House Officer: Becoming a 
Medical Specialist provides a unique specialty-oriented overview of 
graduate medical education as described by trainees in the mid- 
1980s in the United States. 

House Officer is a compilation of semistructured interviews, con- 
ducted by the author, of 52 residents in 16 specialties of medicine at 
one American medical training center in the 1986-1987 academic 
year. The text is divided into two major sections. The first is essentially 
an oral narration by house officers; it includes the author's observa- 
tions and impressions. This style is similar to texts such as Working, 
by Studs Terkel, and M.D.: Doctors Talk About Themselves, by John 
Pekkanen. The second section is a unique discussion of the issues 
previously introduced and includes the author’s conclusions and 
recommendations. 

The author, a psychiatrist, has concentrated on the various 
stresses experienced by the interviewees. Similar stresses were 
identified by each group of residents: relationships among the attend- 
ing physician, the resident, and the patient; transition to the inde- 
pendent practice of medicine; pressure for early decisions on sub- 
specialization; and lack of supervision and teaching. Financial indebt- 
edness, depletion of personal life, and professional workload seemed 
to have been anticipated better before residency training and were 
less significant stressors. 


The purpose of this book is to document rather than dramatize 
and to provide commentary rather than catharsis. It is well written 
and easy to read. Lay readers and medical historians interested in the 
medical training of physicians in the 1980s will enjoy this text and will 
be aided by the inclusion of a medical glossary. Administrators 
responsible for training house staff and politicians who recently have 
assumed the responsibility for regulating such training will become 
adequately versed in the appropriate issues by reading this book. 
Radiologists who have not completed their training recently or who 
practice outside medical centers will gain from this book an under- 
standing of the present training of their colleagues, which may be as 
vital as understanding the medical data base of these colleagues. 

Weaknesses in the structure of this text are readily acknowledged 
by the author. Interviews were conducted strictly with volunteers 
from only one training center. For reasons unknown to either the 
author or me, no house officers from minority groups volunteered. 
Trainees do not represent every field of residency and fellowship 
training, and trainees in military programs were not included. In 
addition, the nature of data acquisition and the format of the book 
prevented statistical analysis. None of these factors, however, signif- 
icantly detracts from the usefulness of this book to those groups 
mentioned previously. The usefulness and benefits of this book to 
other individuals, however, are limited. 


Richard A. Benedikt 
Walter Reed Army Medical Center 
Washington, DC 20307 
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Perspective 


How to Evaluate the Radiology Literature 





William C. Black! 


We, as radiologists, have acquired much influence over the 
way medicine is practiced because of the dramatic technolog- 
ical progress in diagnostic imaging. Many more radiologic 
tests are performed than ever before, and the scope of our 
specialty continues to broaden. In addition, as clinicians be- 
come less familiar with the rapidly evolving imaging technol- 
ogy, they increasingly rely on our interpretations of radiologic 
findings and our advice on whom, how, and when to test. As 
our influence grows, so does our need for information about 
the tests we perform and the diseases we diagnose. 

Because our individual experience is limited, we each must 
rely on the radiologic literature for information relevant to the 
increasing scope of our work. However, we must read this 
literature critically for two reasons. First, evaluations of radio- 
logic tests published in either the radiologic or nonradiologic 
literature almost invariably contain methodologic flaws [1]. 
These flaws can result from poor training, carelessness, or 
bias of clinical investigators; unavoidable logistical, financial, 
and ethical constraints on clinical research; and the inade- 
quacy of the established methodology itself, which is still 
evolving to meet the unique needs of diagnostic imaging. This 
is not to say that most radiologic reports are false. Rather, 
these reports and the individual claims made in any one report 
vary in their degree of validity, which we can assess better 
with an understanding of proper study design. 

There is a second reason for analyzing critically. To make 
use of any study—irrespective of its quality—we must be 
able to relate its results to care of patients. To do this, we 
must recognize the assumptions that underlie concluding 
remarks about clinical applications. For instance, a study that 
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provides estimates of a test’s accuracy does not necessarily 
tell us anything about the clinical usefulness or cost-effective- 
ness of the test. Such conclusions would have to be based 
on additional information or assumptions about other perti- 
nent variables, such as the pretest probability of disease and 
effectiveness of therapy for the patient under consideration. 
This is not to say that a study of accuracy is useless. but that 
it is limited in scope. Its usefulness is partly determined by 
the availability of information from other sources. Thus, even 
if journals could guarantee that published papers were meth- 
odologically flawless, someone would still have to determine 
how and to whom these papers pertained. This is the difficult 
job of the radiologist. 

In this article, | provide guidelines for evaluating both the 
quality and clinical relevance of radiologic reports (Table 1). 
Most such reports pertain to diagnostic accuracy, that is, the 
ability of a test to distinguish different disease possibilities 
(including normal) in a particular clinical setting [2]. Therefore, 
| begin by describing the proper study design of accuracy 
assessment, paying particular attention to the problems of 
selection of patients and bias. Next, | consider the presenta- 
tion of results and elaborate on the concept of accuracy. 
Finally, | discuss how accuracy should be integrated with 
other factors to determine the appropriateness of clinical 
testing. 


Methodology of Accuracy Assessment 


Selection of Patients 


Perhaps the most important question about a radiologic 
study is “to whom do the results apply?” Unless we know 
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something about how the diseased and normal control sub- 
jects in the study were selected, we cannot answer this 
question. Ideally, patients are described in such a fashion that 
similar patients can be identified easily for future application 
of the study results. 

Disease spectrum and other patient variables.—The clinical 
manifestations and anatomic extent of a disease are vital 
determinants of accuracy [3, 4]. For example, MR imaging 
may not distinguish asymptomatic patients with and without 
early (stage IA) cervical carcinoma [5]. On the other hand, 
MR imaging may distinguish more advanced cervical cancer 
(stage IIB to IVB) from a normal cervix in all cases (no overlap 
between columns 0/IA and IIA-IVA in Table 2). Because 
diseases are generally dynamic processes rather than static 
entities, accuracy must be qualified according to the anatomic 
extent of disease. 

Other patient variables, such as age, sex, body habitus, 
and other illnesses, may contribute greatly to determinations 
of accuracy. For example, the presence of excess body fat 
increases the accuracy of CT and MR imaging, but decreases 
the accuracy of sonography. Such factors should be taken 
into account when study results are related to prospective 
patients for testing. 

Retrospective vs prospective selection.—The problem with 
retrospective studies of accuracy is that the patients are 
selected on the basis of events that lead to a diagnostic 
procedure. Such events may not be typical occurrences in 
patients outside the study with the same disease. For this 
reason, the patients in a retrospective study may not be a 
representative sample of the disease patients who are ordi- 
narily tested. For example, a study comparing ventilation- 
perfusion lung scan and autopsy findings of pulmonary em- 


TABLE 1: Checklist for Critical Evaluation 





Abstract 

What are the objectives, findings, and conclusions of the study? 

Introduction 

What is the purpose of the diagnostic test? 

Material and Methods 

How are the patients selected? 

Are they representative of those who are ordinarily tested? 

How is the test(s) performed and interpreted? 

Are the interpretation criteria well defined and reproducible? 

What is the gold standard for diagnosis? Is it appropriate? 

Are the radiologists blinded from the final diagnosis and is the final 
diagnostician (pathologist) blinded from the radiologic interpreta- 
tion? 

Is the gold standard applied uniformly? 

In a comparison study, are the tests evaluated fairly? 

Results 

How is accuracy reported? 

Are spectrum of disease and important covariates, such as comor- 
bidity, age, sex, and body habitus, accounted for in tabular pre- 
sentation of data? 

Is the statistical analysis clearly described and appropriate? 

Discussion 

Are the deficiencies in the methodology of accuracy assessment 
acknowledged and discussed? 

Are other relevant factors, such as disease prevalence, therapeutic 
effectiveness, and cost, adequately accounted for in the clinical 
recommendations? 
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TABLE 2: Correlation Between MR and Surgical/Pathologic 
Staging of Cervical Carcinoma 





Surgical/Pathologic Stage 


MR Stage 
O/IA IB IIA IIB-IVA 
O/IA 27 3 0 0 
IB 0 12 1 5 
IIA 0 2 0 0 
IIB-IVA 0 1 2 13 





Note.—4 x 4 table condensed from 7 x 7 originally published by 
Togashi et al. [5]. 


bolism might not be applicable to the prospective evaluation 
of postoperative patients with mild shortness of breath. The 
study patients, all of whom would have died, would probably 
have had more extensive embolic disease or more severe 
underlying illnesses than patients whose only clinical evidence 
of embolism was mild postoperative shortness of breath. In 
addition, the control subjects in a retrospective study may 
not closely reflect patients outside the study who are tested 
because of Clinical findings suggestive of disease. A more 
representative sample of diseased and control subjects can 
be selected in a prospective study, where characteristics of 
patients are designated before testing, for example, mam- 
mograms on all asymptomatic women between the ages of 
40 and 50 years. This is the major advantage of a prospective 
over a retrospective study. Of course, even in a prospective 
study there may be other variables outside the control or 
knowledge of the investigator, such as access of the patient 
to the medical system, which have an effect on patient 
selection. 


Bias 


The patient-selection process determines to whom the 
study results might apply. How these selected patients are 
evaluated in the study determines how well the results rep- 
resent the “true” accuracy of the test for the selected group. 
These assessments, regardless of whether accuracy is re- 
ported explicitly with numeric values for sensitivity and spec- 
ificity, or implicitly through images, are almost always biased 
to some degree by the process of diagnostic evaluation [3, 
6]. We illustrate the effects of these biases with the aid of the 
binary table. 

Test review bias.—The test should be interpreted without 
knowledge of the final diagnosis or other contributory infor- 
mation. If the radiologist is not so “blinded,” his observations 
and/or his interpretation of those observations may not be 
based solely on test results. He will be inclined to miscate- 
gorize false-negative cases as true-positive and false-positive 
cases as true-negative (Fig. 1). This leads to an overestima- 
tion of both sensitivity and specificity. 

For example, suppose an investigator is trying to determine 
how well MR imaging discriminates hemangiomas from liver 
metastases using certain criteria. If he were to have prior 
knowledge of the diagnosis, his assessment of certain ambig- 
uous features, such as contour, shape, relative signal inten- 
sity, and his categorization of the MR findings could be 
influenced by his expectation of how the lesion should appear. 


AJR:154, January 1990 


DISEASE 
PRESENT 


ABSENT 


POSITIVE 


TESI 


NEGATIVE 


Fig. 1.—Effect of test (solid arrows) and diagnostic (open arrows) 
review biases on assessment of sensitivity and specificity. Both sensitivity, 
TP/(TP + FN), and specificity, TN/(TN + FP), are overestimated. FN = 
false-negative; FP = false-positive; TN = true-negative; TP = true-positive. 


In addition, the relative weighting of each feature could be 
altered for each lesion to improve the agreement between the 
interpretation and the final diagnosis. Even quantitative deter- 
minations of signal intensity, which depend on the location of 
cursor placement, can be subject to test review bias. An 
investigator is most effectively “blinded” by a prospective 
study design, where the test is interpreted before the final 
diagnosis is obtained. 

Diagnostic review bias.—The final diagnosis should not be 
influenced by the interpretation of the test being evaluated. 
Otherwise, the final arbiter of disease status will be inclined 
to miscategorize false-positive and false-negative test results 
as true-positive and true-negative, respectively (Fig. 1). As 
with test review bias, both sensitivity and specificity will be 
overestimated. This bias is especially a problem when patho- 
logic findings are ambiguous, such as in the distinction of 
cellular “atypia” vs malignancy. Unlike test review bias, diag- 
nostic review bias is not eliminated by a prospective study 
design, unless it specifies that the diagnosis is established 
independently ef test interpretation. Because pathologists are 
rarely “blinded” from radiologic findings, this form of bias is 
ubiquitous. 

Verification bias. —Verification or workup bias occurs when 
the test result influences application of the diagnostic gold 
standard (verification bias is closely related to diagnostic 
review bias and to the problem of selection of patients in 
retrospective siudies). Because patients with “positive” test 
results are usually more thoroughly evaluated than those with 
“negative” results, true-positive cases are more likely to be 
categorized correctly than false-negative cases (Fig. 2). This 
causes overestimation of the test’s sensitivity. 

Verification bias can lead to overestimation or underesti- 
mation of the test’s specificity, depending on how patients 
with negative test results but no definitive diagnosis are 
analyzed. When these patients are counted as true-negative, 
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Fig. 2.—Two effects of verification bias on assessment of sensitivity 
and specificity. If all cases with negative test results but no definitive 
diagnosis are assumed to be true-negative, some false-negative cases 
are miscategorized as true-negative (solid arrow). Both sensitivity and 
specificity are overestimated. However, if cases with negative results and 
no definitive diagnosis are excluded, then true-negative and false-negative 
cases are underrepresented (open arrows). Sensitivity is overestimated, 
but specificity is underestimated. FN = false-negative; FP = false-positive; 
TN = true-negative; TP = true-positive. 


some false-negative cases are miscategorized as true-nega- 
tive. This results in an overestimation of specificity. On the 
other hand, when patients without definitive diagnosis are 
discarded from the analysis, true-negative cases are under- 
represented. This results in an underestimation of the test's 
specificity. In fact, those studies that appear most authorita- 
tive because they require definitive diagnosis may grossly 
underestimate specificity. 

In most clinical studies, the gold standard, such as needle 
biopsy or surgical exploration, is a potentially harmful proce- 
dure. Even a wait-and-see approach may be deleterious when 
treatment is denied or delayed to those in urgent need. For 
these reasons, Clinical investigators are ethically constrained 
in their application of the gold standard. Nevertheless, correc- 
tion factors for verification bias can be easily calculated, 
provided the necessary data pertaining to the diagnostic 
evaluation are collected in the study [7]. 

Comparison biases.—Comparison biases pertain to studies 
comparing the accuracy of two or more tests, which might 
involve different techniques (e.g., single- vs double-contrast 
barium enema) or altogether different modalities (e.g., CT vs 
MR imaging). A comparison study may be biased if the tests 
are not independently interpreted or the gold standard is not 
independent of the tests being compared [8]. In the extreme 
case where one test is used as the gold standard, any 
disagreement between tests results is categorized as either 
a false-positive or false-negative result for the other test(s). 
Obviously, the other test(s) can never outperform a test 
chosen to be the gold standard. 

Less obvious is the effect the investigators can have on 
the outcome of a study that is otherwise methodologically 
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flawless [8], that is, where test review, diagnostic review, and 
verification biases are precluded by “blinding” and prospective 
guidelines for patient entry and evaluation. If the investigators 
are more skillful or thorough in their performance or interpre- 
tation of one test than another, either because of their training 
or vested interest, they will probably achieve a higher accu- 
racy with the favored test. Unlike most biases, this particular 
bias may actually be less of a problem in retrospective studies, 
where neither test is as likely to have been performed or 
interpreted in a favorable fashion. This bias can be minimized 
in a prospective study by having each test performed and 
interpreted by those expert in its use or by impartial radiolo- 
gists. 


Problems with Pathologic Gold Standard 


The traditional surgical/pathologic gold standard is not 
infallible. Although it usually provides a qualitative diagnosis, 
such as cancer vs inflammation, the traditional gold standard 
rarely localizes the disease as well as the imaging technique 
being evaluated does. In addition, the standard does not 
directly determine the rate of disease progression. In many 
instances, the anatomic extent or its change over time may 
be more predictive of the patient’s outcome than the histologic 
appearance. Indeed, when anatomic extent is not accounted 
for properly, improvements in diagnostic imaging can create 
the illusion of therapeutic progress through the mechanisms 
of lead-tine and length biases [9, 10]. These two biases and 
many of the problems of accuracy assessment are circum- 
vented by longitudinal studies which use patient outcome— 
the most meaningful measure—as the gold standard. More 
such studies should and probably will be performed in the 
future. 


Presentation of Accuracy 
Sensitivity and Specificity 


For a study to be of any use, its results must be presented 
properly. Ideally, accuracy should be presented in the form of 
a contingency table or matrix that correlates the relevant test 
result and disease categories. In settings where only two 
relevant conditions exist, such as “disease” vs “no disease,” 
a test's accuracy is concisely described in terms of sensitivity 
and specificity [2], which are readily derived from the standard 
2 X 2 table. Sensitivity is the probability of a “positive” test 
result given “disease”; specificity is the probability of a “neg- 
ative’ test result given “no disease.” These measures can be 
thought of as intrinsic properties of the test because they are 
independent of the prior or pretest probabilities of “disease” 
and “no disease.” For this reason, sensitivity and specificity 
have greater applicability than posttest probabilities (predic- 
tive values) and overall accuracy, which are dependent on the 
prior probabilities. Overall accuracy—the probability of a cor- 
rect test result—can be very misleading. For instance, sup- 
pose that a new test is evaluated on a population with disease 
prevalence (prior probability) of 5%. A blindfolded radiologist 
could achieve an overall accuracy of 95% with the test by 
simply calling all test results “negative”! 
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The sensitivity and specificity of a test depend on the 
criterion chosen for interpretation [11]. As the criterion for 
test “positivity” is made more stringent, specificity improves 
at the expense of sensitivity. Conversely, as the criterion is 
relaxed, sensitivity improves at the expense of specificity. 
Because of this trade-off, neither index by itself should be 
considered a meaningful measure of accuracy. The relation- 
ship between sensitivity and specificity and the “positivity” 
criterion is best displayed on the receiver-operating-charac- 
teristics (ROC) curve [11]. 


Accuracy Matrix 


Sensitivity and specificity are useful constructs that help us 
grasp two essential principles of testing: (1) posttest proba- 
bilities depend on both the intrinsic accuracy of the test and 
the prior probabilities, and (2) there are trade-offs associated 
with the choice of the interpretation criteria. However, sensi- 
tivity and specificity are incomplete descriptors of accuracy 
because they pertain only to the discrimination of two condi- 
tions [3]. Radiologic imaging, on the other hand, is often used 
to discriminate between multiple conditions, for example, 
different locations or stages of a dynamic disease process, 
different diseases, or some combination of both. In such 
settings, accuracy is better represented by a matrix relating 
the multiple relevant disease conditions and test results. For 
example, the accuracy of MR imaging in the staging of cervical 
cancer has recently been reported [5] in matrix form (Table 
2). Unlike sensitivity and specificity, which only apply to pa- 
tients with one of two staging categories, the matrix is appli- 
cable to patients across the entire spectrum (and thus can be 
used to determine posttest probabilities for a much greater 
variety of clinical scenarios). Summarizing the accuracy matrix 
with sensitivity and specificity when the test pertains to more 
than two relevant disease categories can be just as misleading 
aS Summarizing sensitivity and specificity with overall accu- 
racy when the test pertains to a simple disease dichotomy. 


Radiologic Images 


The diagnostic potential of an imaging technique is perhaps 
most efficiently demonstrated by the images themselves, 
providing they are based on a representative sample of pa- 
tients. For instance, consider a CT image of the normal upper 
abdomen. We could infer that a 6-cm adrenal gland would be 
easily distinguishable from a normal adrenal gland, whereas 
a 5-mm liver metastasis isodense with normal liver paren- 
chyma most likely would not be recognized. Virtually an infinity 
of such sound inferences could be made from a single image. 
However, it would be possible to verify only a small fraction 
of such inferences because of the constraints on medical 
research and the limitations of experimental science in gen- 
eral. The major problem with this pictorial approach is that 
the information presented may be unintelligible to nonradiol- 
ogists and not easily integrated with other variables that 
pertain to testing. 


AJR:154, January 1990 


Statistical Analysis 


Chance alone can create seemingly strong associations 
between radiologic and pathologic findings, especially when 
the former are made retrospectively. For this reason, the 
Statistical uncertainty of an experimentally derived estimate, 
such as sensitivity and specificity, is an important considera- 
tion. In regard to simple proportions, statistical uncertainty is 
best represented by a confidence interval, the width of which 
is inversely related to sample size. For example, if a test 
detects disease in nine out of 10 patients with disease, there 
is a 95% probability that the sensitivity of the test is between 
60% and 98%. If this test were to detect disease in 900 out 
of 1000 patients, then the 95% confidence interval for the 
test would be 88% to 92%. 

A large repertoire of statistical techniques has been devel- 
oped for various radiologic applications [12]. Appropriately 
applied, these techniques help the reader assess the uncer- 
tainty associated with radiologic reporting. However, it should 
be stressed that sophisticated statistical techniques and large 
samples do not compensate for poor study design: precise 
estimates may be strongly biased or simply meaningless. In 
such instances, statistics can be misleading and a distraction 
from more important considerations. In fact, Mainland [13] 
has recently criticized the medical literature in general for its 
emphasis on “statistical ritual” over a clear presentation of 
“raw data” and stucy design. 


Clinical Usefulness and Cost-Effectiveness 


In addition to problems of assessing and presenting accu- 
racy, radiologists also must relate accuracy measurements to 
Clinical practice. Most articles that pertain to accuracy as- 
sessment conclude with recommendations conceming the 
clinical applications of a test. For example, if a test is shown 
to be highly accurate in a particular disease setting, it might 
be concluded that the test should be performed on other 
patients with suspicion of the same disease. In a comparison 
study, it might be concluded that the test with the superior 
accuracy should be used instead of the less accurate test. 
However, accuracy is only one of many variables that deter- 
mine the clinical usefulness of testing. Other variables that 
must be considered include: the inherent risk of the test, the 
prevalence(s) of the disease(s), the natural history of the 
disease(s), and the benefits and risks of the alternative ther- 
apies chosen on the basis of the test result [14]. Furthermore, 
this analysis should take into account all the downstream 
effects of the competing testing and nontesting strategies. 

Perhaps the most common problem associated with the 
application of a new testing strategy is a low positive predic- 
tive value, which can generate a large number of false-positive 
results. This problem can occur for two reasons. First, the 
test may be applied to a new population with a lower preva- 
lence of disease than that of the original test population. 
Consequently, the new test population will have a lower 
positive predictive value than what is reported [2]. For ex- 
ample, suppose the sensitivity and specificity of a new test 
are 0.80. If the prevalence in the study is 0.50, then the 
positive predictive value would be reported as 0.80. However, 
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application of this test to a new population with a prevalence 
of only 0.10 would yield a positive predictive value of only 
0.31. Second, the radiologist in practice may be inclined to 
modify the interpretation criterion such that the test’s sensi- 
tivity is increased at the expense of specificity, especially if 
the original article does not precisely define the positivity 
criterion in an objective fashion. This inclination results from 
our instilled desire to “cure” early disease, the growing threat 
of litigation for “missing” such opportunities, and, ironically, 
from the very improvements in imaging that permit us to see 
more of the virtually infinite variety of normal. For example, 
suppose the positivity criterion for the above test is relaxed 
so that sensitivity is increased from 0.80 to 0.90, but specific- 
ity is decreased from 0.80 to 0.50. For patients with a 
prevalence of 0.50, the positive predictive value would drop 
from 0.80 to 0.64. Thus, whereas a test may produce sub- 
stantial clinical benefit under the conditions of the original 
report, the same test may ultimately cause more harm than 
good in clinical practice if the prevalence and the positivity 
criterion are not accounted for. This is especially true for 
patients who are asymptomatic or have radiologic findings 
incidental to their clinical presentation. 

Some consideration also must be given to monetary cost. 
As its importance has increased, so has the popularity of a 
commonly misused term, “cost-effective” [15]. A testing strat- 
egy is cost-effective if, when compared with the alternative 
Strategy (e.g., empiric treatment without testing), the health 
benefits of testing outweigh its monetary costs. This assess- 
ment requires the consideration of all downstream benefits 
and costs that may result from each choice. A testing strategy 
that reduces costs while maintaining or improving benefit is 
both “cost-saving” and “cost-effective” and should be rec- 
ommended for clinical use. A strategy that increases cost 
without increasing benefit or that decreases benefit without 
decreasing cost is neither cost-saving nor cost-effective, and 
should not be recommended. Finally, a testing strategy that 
increases both cost and benefit or decreases both cost and 
benefit may or may not be considered cost-effective, depend- 
ing on whether its cost-effectiveness ratio (CER)—the mar- 
ginal cost divided by the marginal benefit—exceeds the ac- 
cepted constraint. This constraint, which requires a judgment 
from society as a whole, has not been defined explicitly. 

For example, consider the role of chest CT in the evaluation 
of patients with clinically staged T1NOMO lung cancer who 
are candidates for surgical resection (patients with mediastinal 
lymph node metastasis are usually excluded from surgery). It 
has been demonstrated that a $600 chest CT study is cost- 
saving when the prevalence of mediastinal lymph node me- 
tastasis exceeds 12.5%, partly because surgical resection 
costs about $16,000 [16]. However, the same test is neither 
cost-saving nor Clinically effective (i.e., does not spare surgical 
morbidity or mortality) when the prevalence of noda! metas- 
tasis is below 6.6%. When the prevalence is 7.0%, the CER 
of the CT strategy vs direct surgical resection is an estimated 
$2.1 million per year of life saved. Nobody can claim that such 
a strategy is inherently right or wrong, but we can compare 
its CER to those of other health care interventions, among 
which we must choose. Although such analyses are compli- 
cated and riddled with uncertainty, we can never hope to use 
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our resources wisely if we do not recognize the unavoidable 
cost-effectiveness conflict and the necessity of making diffi- 
cult choices. 


Conclusion 


We read the radiology literature to better our understanding 
of radiologic tests and their role in modern medical practice. 
However, we must evaluate the literature carefully to achieve 
Our purpose. In particular, we should pay close attention to 
the process of selecting patients, the potential for various 
forms of bias, the adequacy of the gold standard, sample 
size, the presentation of accuracy, and the reasoning behind 
clinical recommendations. 
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Radiographic Detection of 
Esophageal Malpositioning of 
Endotracheal Tubes 





Insertion of an endotracheal tube into the esophagus is an infrequent but life- 
threatening complication of endotracheal intubation. This complication is difficult to 
detect on standard, anteroposterior, portable chest radiographs because the incorrectly 
placed endotracheal tube is usually projected over the tracheal air column. To evaluate 
the use of chest radiographs to detect the malposition, we performed a two-part study. 
First, we analyzed the findings on chest radiographs in six patients in whom an 
endotracheal tube had been inserted in the esophagus, and then we analyzed 328 
portable chest radiographs of patients with both endotracheal and nasogastric tubes to 
determine the best radiographic position for identifying the exact location of an endotra- 
cheal tube. The findings in the six patients included projection of the tube lateral to the 
trachea (five patients), gastric distension (four patients), esophageal air (two patients), 
and deviation of the trachea by the balloon cuff (one patient). The study of the portable 
chest radiographs showed that the endotracheal tube position could be identified 
correctly in 81 (92%) of 88 of the films made with the patient in a 25° right posterior 
oblique position. The trachea and esophagus were superimposed in 25 (96%) of 26 of 
the radiographs made with the head turned to the left and with the patient in a 25° left 
posterior oblique projection. 

Our results show that by positioning patients for chest radiographs in a 25° right 
posterior oblique position, the location of endotracheal tubes can be identified accu- 
rately. 


AJR 154:23-26, January 1990 


Malpesition of an endotracheal tube (ETT) has been considered a clinical rather 
than a radiologic diagnosis. Physical findings such as chest wall expansion, breath 
sounds over both hemithoraces, and absence of air rushes over the epigastrium 
have been relied on to determine appropriate ETT location [1, 2]. As a tube in the 
esophagus is often projected over the tracheal air column on anteroposterior chest 
radiographs, these films have been considered unreliable for the diagnosis of 
esophageal intubation (Fig. 1) [3, 4]. Most articles on the subject have focused 
on malposition of ETT within the airway, that is, intubation of a main bronchus 
[5-10]. Although a lateral view of the chest or neck could precisely reveal the tube 
position, such views are often difficult or even impossible to obtain in the critical- 
care setting. 

Portable chest radiographs of six patients with endotracheal tubes in the esoph- 
agus were reviewed. Because these cases illustrated the difficulty of radiologic 
diagnosis from the anteroposterior radiograph, we undertook a study of intubated 
patients in the intensive-care setting to determine the best position for the patient 
to be in for determining ETT location. 


Subjects and Methods 


Six cases of inadvertent esophageal intubation were discovered during 12 months at three 
different institutions. Seven portable chest radiographs of six patients with endotracheal 
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tubes in the esophagus were reviewed. Positions of the patients on 
these films were as follows: two anteroposterior with head straight, 
one anteroposterior with head right, three right posterior oblique with 
head right, and one left posterior oblique with head left. Head position 
was determined by noting the position of the patient's mandible. 

In two of six cases, esophageal malposition was suspected and 
confirmed clinically because of deterioration of the patient's condition 
before the radiograph was available. In four cases, however, malpo- 
sition was not suspected until after the radiograph was reviewed. 
Subsequent physical examination of each patient confirmed esopha- 
geal malposition. 

Three hundred ninety-eight portable chest radiographs in 117 
supine patients taken during a 12-day period were reviewed and 
evaluated for proper ETT position. For each examination, note was 
made of date and time of examination, patient obliquity, the position 
of the head, and position of the ETT relative to a properly positioned 
nasogastric tube. Seventy examinations were excluded from the 
study because the patient did not have both an ETT and a nasogastric 
tube or because position could not be assessed adequately. The 
remaining 328 examinations were included in the study, and the films 
were reviewed by two staff radiologists and one resident. 
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Results 


The radiographic signs of esophageal malposition of the 
endotracheal tube (ETT) (Figs. 2-5) included ETT tip lateral 
to the trachea (five of six cases), gastric distension (four of 
six cases), distension of distal esophagus with air (two of six 
cases), and deviation of the trachea by an overinflated balloon 
cuff (one case). In one case, the right posterior oblique film 
showed the ETT to project to the right of the trachea in an 
air-filled esophagus, which was dilated because of the pa- 
tient’s underlying achalasia; this patient was not counted 
among the patients with an air-filled esophagus. 

Sixty-four percent (210/328) of the portable chest radio- 
graphs were obtained in the straight anteroposterior position, 
27% (88/328) in the right posterior oblique position, and 9% 
(30/328) in the left posterior oblique position. ETT position 
relative to nasogastric tube position was noted for each 
category (Table 1). 

The 25° right posterior oblique projection with mandible 





Fig. 1.—Anteroposterior portable chest film 
shows superimposition of trachea and esopha- 
gus. Both nasogastric tube and endotracheal 
tube (ETT) project over tracheal air column, pre- 
cluding confirmation of correct tracheal position 
of ETT. 





Fig. 2.—Left posterior oblique portable chest 
film shows small-bore feeding tube and naso- 
gastric tube projecting over trachea. Endotra- 
cheal tube (ETT) projects to right of trachea, 
probably because inflated ETT cuff displaces 
cervical trachea to left (arrows). 





Fig. 3.—Anteroposterior portable film centered 
to include neck with patient’s head to right shows 
that endotracheal tube (ETT) projects to left of 
trachea, confirming esophageal malposition. Also 
note air in esophagus. 


Fig. 4.—Anteroposterior chest film shows 
marked gastric distension in presence of a na- 
sogastric tube. Air-filled esophagus is in line with 
endotracheal tube, suggesting malposition. 


Fig. 5.—Right posterior oblique portable 
chest film with patient’s head turned to right 
shows air-filled trachea projecting to right of 
endotracheal tube. Tube aligns with air-filled dis- 
tal esophagus. This is best position for diagnosis 
of esophageal malposition. 
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TABLE 1: Endotracheal Tube Position Relative to Nasogastric Tube Position 
OI 




















iandinie Superimposed ETT Projects ETT Projects 
Chest Position Position ETT On NGT Right of NGT Left of NGT 
Number (%) Number (%) Number (%) 
AP Straight 126/140 (90) 14/140 (10) 0/140 (0) 
Right 9/41 (22) 31/41 (76) 1/41 (2) 
Left 26/29 (90) 3/29 (10) 0/29 (0) 
Total 161/210 (77) 49/210 (23) 
25° RPO Straight 3/15 (20) 12/15 (80) 0/15 (0) 
Right 3/70 (4) 65/70 (93) 2/70 (3) 
Left 1/3 (33) 2/3 (67) 0/3 (0) 
Total 7/88 (8) 81/88 (92) 
25° LPO Straight 1/3 (33) 1/3 (33) 1/3 (33) 
Right 0/1 (0) 1/1 (100) 0/1 (0) 
Left 25/26 (96) 0/26 (0) 1/26 (4) 
Total 26/30 (87) 4/30 (13) 





Note.—ETT = endotracheal tube; NGT = nasogastric tube; AP = anteroposterior; RPO = right posterior oblique; 


LPO = left posterior oblique. 


A 





Fig. 6.—A, Right posterior oblique portable chest film with patient’s head turned to right shows best separation of endotracheal and nasogastric tubes. 


This should confirm proper ETT position. 


B, Left posterior ablique chest film with patient's head turned to left shows superimposition of endotracheal and nasogastric tubes over trachea. This 


position rarely permits correct diagnosis of malposition. 


C, CT scan of upper thorax shows normal relationship of esophagus and trachea, with esophagus posterior to and to left of trachea. Arrows indicate 


line of X-ray beam in left (LPO) and right (RPO) posterior oblique positions. Not 
radiograph and separated on right posterior oblique radiograph. 


right oblique avoided superimposition of the airway and the 
esophagus in 93% of cases (Fig. 6A). The anteroposterior 
projection with mandible right oblique avoided superimposi- 
tion in 76% of cases. In other projections, superimposition 
occurred in up to 96% of cases (Fig. 6B). It should be noted 
that when the patient is in either the right or left posterior 
oblique position, the mandible is oblique in the opposite 
direction in a minority of cases, and the numbers for each of 
those categories are quite small. 


Discussion 


The six cases of esophageal intubation by endotracheal 
tubes emphasize that radiographic detection may be more 
important than previously realized. In four of the six patients, 


e how trachea and esophagus are superimposed on left posterior oblique 


improper placement was not recognized clinically, and the 
chest radiograph was the first clue to proper diagnosis. 
Projection of the endotracheal tube tip lateral to the trachea 
is a definite sign of malposition [11]. Esophageal air and 
gastric distention, particularly in the presence of a nasogastric 
tube, should suggest the diagnosis. 

When films are taken specifically to evaluate ETT place- 
ment, we recommend the right posterior oblique projection 
with head right. As the esophagus is located slightly to the 
left as well as behind the trachea in most patients, this 
projection presents the relationship en face with respect to 
the radiographic beam. Conversely, the left posterior oblique 
projection with head left, and to a lesser extent the antero- 
posterior projection, superimpose these structures, making 
separation difficult (Fig. 6C). If anteroposterior radiographs 
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are taken to evaluate the entire chest, the patient’s head 
should be turned to the right; in this position, satisfactory 
separation of the ETT and nasogastric tube is possible in 
76% of cases. 
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Visceral and Nodal Calcification in 
Patients with AIDS-Related 
Pneumocystis carinii Infection 





Clinical and radiologic findings in nine patients with AIDS and disseminated Pneu- 
mocystis carinii infection were analyzed retrospectively. The diagnosis was confirmed 
by autopsy (five patients) and by biopsy (two patients). All nine had a history of P. carinii 
pneumonia. CT showed parenchymal calcifications in the spleen (seven patients), liver 
(six patients), kidneys (six patients), abdominal lymph nodes (three patients), adrenal 
glands (two patients), and mediastinal lymph nodes (one patient). Multiple punctate 
calcifications in the liver, spleen, kidneys, and/or adrenal glands were visible on plain 
films in three patients. Sonography showed diffuse tiny echogenic foci without shad- 
owing in the liver, spleen, and kidneys. In one patient, CT showed multiple hypodense 
lesions in the spleen. 

P. carinii infection should be included in the differential diagnosis when calcifications 
or focal lesions are detected at one or more extrapulmonary sites in an immunodeficient 
patient, even if there is no history or evidence of P. carinii pneumonia. 


AJR 154:27-31, January 1990 


Tne spectrum of radiographic findings caused by Pneumocystis carinii pneumonia 
is well known. However, the imaging findings of disseminated infection with P. 
carinii have not been reported. We describe the clinical and radiologic findings in 
nine AIDS patients with extrapulmonary P. carinii infection, eight of whom had 
visceral and nodal calcification visible on plain films, sonograms, and/or CT scans. 


Materials and Methods 


The radiologic abnormalities in nine AIDS patients with a history of P. carinii pneumonia 
who were seen at four medical centers in Los Angeles, San Francisco, and New York between 
May 1988 and June 1989 were analyzed retrospectively. The diagnosis of extrapulnonary P. 
carinii infection was documented by autopsy in five patients (Fig. 1A) and by percutaneous 
fine-needle aspiration of the liver and spleen or kidney in two patients. Also included were 
two patients without pathologic proof who had similar clinical and radiologic findings and no 
evidence of other infection or neoplasm. None of the nine patients had clinica! or autopsy 
findings suggestive of other conditions associated with visceral calcifications or nyperdensity, 
such as histoplasmosis, sickle cell disease, hemochromatosis, mercury injection, and Thoro- 
trast infusion. 

The nine patients were men, 24-38 years old, with a 6-month to 2-year history of AIDS. 
AIDS risk factors included homosexuality (seven patients), IV drug use (one patient), and 
remcte blood transfusion (one patient). All nine were seropositive for antibodies to tte human 
immunodeficiency virus and were treated with maintenance aerosolized pentamidine because 
of recurrent episodes of P. carinii pneumonia. Eight of the nine patients also were receiving 
azidodeoxythymidine (AZT). 

CT of the abdomen was performed in eight patients. One patient also had CT of the chest. 
Abdominal sonography was performed in two patients, and three patients had plain ebdominal 
radiographs. Medical records of each patient were reviewed for clinical findings, laboratory 
results, and follow-up. 
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Fig. 1.—Case 9. 


A, Photomicrograph of calcified granuloma in liver shows scattered Pneumocystis carinii organisms within granuloma (Grocott-Gomori methenamine- 


silver nitrate, x200). Inset (Jower left) shows organisms in detail (x400). 


B, Radiograph of upper abdomen shows multiple calcifications in liver, spleen, kidneys, and adrenal glands. 


Results 


The CT findings and follow-up in the nine patients are listed 
in Table 1. CT showed calcifications in the spleen (seven 
patients), liver (six patients), kidneys (six patients), abdominal 
lymph nodes (three patients), and adrenal glands (two pa- 
tients). In some cases, calcifications that were obvious on 
unenhanced CT were barely perceptible after enhancement 
with IV contrast material. The appearance ranged from several 
scattered punctate foci (Figs. 2 and 3A) to innumerable cal- 
cifications throughout the organ (Fig. 4A). In two patients, the 
spleen was almost completely calcified (Figs. 2 and 3A). In 
six of the seven patients with visceral calcifications, the spleen 
showed the greatest degree of involvement. Renal calcifica- 
tions were confined to the cortex, with sparing of the medulla 
(Fig. 4A). Diffuse punctate calcifications in the liver, spleen, 
kidneys, and/or adrenal glands were visible on plain films in 
three patients, one of whom did not undergo CT (Fig. 1B). 

Sonography showed diffuse tiny echogenic foci without 
shadowing in the liver, spleen, and kidneys (Figs. 3B and 3C). 
In the patient with the densest splenic calcification, the ultra- 
sonic beam was completely reflected at the surface of the 
spleen. In the one patient who had chest CT, calcifications 
were seen in multiple hilar and mediastinal nodes (Fig. 4B). In 
one patient, the only CT abnormality was an enlarged spleen 
containing multiple hypodense noncalcified masses (Fig. 5). 

The only abdominal symptom was mild or moderate pain in 
six of the nine patients. Abnormal laboratory values in the 
nine patients included mild to moderate elevation in the serum 
alkaline phosphatase level (seven patients), mild elevation in 
the serum transaminase level (four patients), and mild eleva- 
tion in the serum creatinine level (one patient). 


Discussion 


Before the AIDS epidemic, only 13 cases of extrapulmonary 
infection by P. carinii were reported [1]. Ten of the 13 patients 


had primary or secondary immunodeficiency. Lymph nodes 
and spleen were the most common sites of involvement. Only 
two patients had widely disseminated P. carinii infection. 

Twelve patients with AIDS and extrapulmonary P. carinii 
infection have been reported [1-11]. In seven cases, extra- 
pulmonary involvement was diagnosed in the absence of a 
history of P. carinii pneumonia [3-5, 8-10]. In three patients 
with hearing loss, biopsy of a polyp in the external auditory 
canal yielded P. carinii [3, 10]. In a patient with swelling on 
the left side of the neck, fine-needle aspiration showed P. 
carinii in thyroid tissue [8]. P. carinii was identified in the 
spleen of a patient with hypersplenism [5]. In a patient with 
an acute abdomen, an ulcerated intramural small-bowel mass 
was resected and found to consist of masses of P. carinii 
organisms [9]. P. carinii was found on bone-marrow biopsy 
in two patients [6, 11]. Autopsy showed retinal involvement 
in one patient [2] and widely disseminated P. carinii infection 
in three patients [1, 4, 7]. 

Each of our nine patients had a history of P. carinii pneu- 
monia when extrapulmonary involvement was detected. Be- 
cause there was no evidence that extrapulmonary P. carinii 
infection was responsible for significant morbidity other than 
abdominal pain in any of our patients, no change in treatment 
was made. Although six of the nine patients died 1 week to 
3 months after discovery of disseminated P. carinii infection, 
the extrapulmonary disease did not appear to contribute to 
the deaths. The cause of death was extensive pulmonary 
disease in five patients and sepsis due to cecal perforation 
by cytomegalovirus infection in one patient. Extrapulmonary 
sites of P. carinii infection found at autopsy included the skin, 
CNS, retina, thyroid and parathyroid glands, bone marrow, 
heart, mediastinum, pleura, alimentary tract, abdominal lymph 
nodes, liver, spleen, gallbladder, pancreas, kidneys, and ad- 
renal glands. 

Because extrapulmonary involvement may be asympto- 
matic, disseminated P. carinii infection may occur more fre- 
quently than has been reported. Between January 1988 and 
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TABLE 1: Radiologic Findings and Follow-up in Nine AIDS Patients with Extrapulmonary Pneumocystis carinii Infection 
pS 


Calcifications on CT 


Case 
No. Liver Spleen Kidneys 

1 + ++ ++ 
2 = = e 
3 + +++ + 
4 + +++ ++ 
5 + + ++ 
6 ++ ++ + 
7 + ++ + 
8 = + = 
9 CT not performed 


Other Findings 


Comments 








Calcified mediastinal lymph nodes 
and adrenal glands 


Enlarged spleen with multiple hy- 
podense noncalcified masses 


Calcified abdominal lymph nodes 


Calcified abdominal lymph nodes 
and adrenal glands 


Calcified abdominal lymph nodes 


Autopsy: Disseminated P. carinii 
with calcified granulomas. 
Mycobacterium avium-intra- 
cellulare in spleen only—with- 
out calcification. 

Autopsy: Disseminated P. carinii 
with noncalcified lesions in 
spleen, colon, and mesentery 
and calcified lesions in liver, 
lungs, pleura, and medias- 
tinum. Cytomegalovirus in 
lungs and cecum. Cutaneous 
Kaposi sarcoma. (Had not re- 
ceived azidodeoxythymidine.) 

Autopsy: Disseminated P. carinii 
with calcified granulomas. M. 
avium-intracellulare in liver 
and spleen—without calcifica- 
tion. Lymphoma in medias- 
tinum. 

Fine-needle aspiration of kidney 
yielded P. carinii. Alive and 
relatively well 6 months after 
CT. Splenic and renal calciti- 
cations visible on plain film. 
Hepatic, splenic, and renal 
calcifications seen on sonoJ- 
raphy. 

Autopsy: Disseminated P. carinii 
with calcified granulomas. 

Fine-needie aspirations of liver 
and spleen yielded P. carini. 
Alive but debilitated 3 months 
after CT. Hepatic and spleric 
calcifications visible on plain 
film. 

Not proved. Died 3 months after 
CT. Hepatic and splenic calci- 
fications seen on sonography. 

Not proved. Normal CT 5 
weeks earlier. Alive but detili- 
tated 8 months after CT. 

Hepatic, splenic, renal, and ad- 
renal calcifications visible on 
plain film. Autopsy: Dissemt 
nated P. carinii with calcified 


granulomas. 
pS 
Note.—+ = several scattered punctate calcifications; ++ = innumerable punctate calcifications; +++ = almost complete calcification of organ; — = no 
calcifications. 


June 1989, the prevalence of dissemination at autopsy at one 
of our hospitals was 3% of all patients with AIDS and 5% of 
patients with AIDS and a history of P. carinii pneumonia. It 
appears that the organism spreads by both lymphatic and 
hematogenous routes. Why dissemination should occur in 
some patients with AIDS and not in others is not clear. Neither 
the degree of host immunodeficiency nor the duration or 
severity of the pulmonary infection seems to be significant 
[7]. Although it is possible that previous treatment with pro- 
phylactic aerosolized pentamidine or AZT may have somehow 
played a role in the dissemination of P. carinii in our patients, 


there was no mention of such treatment in the previously 
reported cases. It should be noted that the serum level of 
pentamidine is not as high after administration in the aerosol- 
ized form as after IV administration [11]. Thus, although the 
organism may be eradicated from the lungs, it might be able 
to survive in extrapulmonary locations. Persistence of P. 
carinii in such extrapulmonary sites could then be a source 
for recurrent pulmonary infection [5]. 

Unusual pathologic features of Pneumocystis infection seen 
in our patients were granuloma formation and calcification. It 
has been suggested that a granulomatous response to P. 


30 RADIN ET AL. 





Fig. 2.—Case 3. Unenhanced CT scan shows almost complete calcifi- 
cation of spleen, several calcified lymph nodes, and scattered punctate 
calcifications in liver and left kidney. 





B 


Fig. 3.—Case 4. 
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carinii infection is an indication of improved host defenses, 
perhaps due to treatment with AZT in some cases [12]. 
Grossly detectable calcification has been described only once 
before in extrapulmonary P. carinii infection in AIDS [9]. 
Although preoperative abdominal films were unremarkable, 
specimen radiographs showed stippled calcification in both a 
small-bowel lesion and regional mesenteric lymph nodes in- 
volved by P. carinii. 

In the only previous report of abdominal CT findings in 
extrapulmonary P. carinii infection [4], multiple focal splenic 
and renal “defects consistent with abscesses” were de- 
scribed, similar to the hypodense splenic lesions seen in one 
of our patients. This appearance is nonspecific. The radiologic 
differential diagnosis in a patient with AIDS includes other 
infections, especially mycobacterial and fungal abscesses, as 
well as lymphoma and Kaposi sarcoma. 





A, Unenhanced CT scan shows almost complete splenic calcification and punctate calcifications in adrenal glands, left kidney, and liver. 
B, Longitudinal sonogram of right lobe of liver shows abnormal texture with multiple echogenic dots. 
C, Longitudinal sonogram of right kidney shows increased cortical echogenicity. 





Fig. 4.—Case 1. 

A, Unenhanced CT scan shows in- 
numerable punctate renal cortical cal- 
Cifications. 

B, Unenhanced CT scan at level of 
carina reveals calcified right hilar, pre- 
carinal, and aorticopulmonary lymph 
nodes. Bilateral pleural hemorrhage 
was confirmed at autopsy. 
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Fig. 5.—Case 2. Enhanced CT scan shows multiple low-attenuation 
lesions in enlarged spleen. 


The CT demonstration of multiple calcifications in the liver, 
spleen, kidneys, adrenal glands, and lymph nodes due to P. 
carinii infection, as seen in our patients, has not been reported 
before. Although we are not aware of any cases with a similar 
constellation of findings, mycobacterial and fungal infections 
probably should be included in the radiologic differential di- 
agnosis in addition to P. carinii infection. There has been a 
single case report of an AIDS patient with combined renal 
cortical and medullary calcifications due to Mycobacterium 
avium-intracellulare infection [13]. In our patients, however, 
renal calcifications were confined to the cortex. 

Findings in our limited series suggest that the low-density 
lesions and the calcifications represent different manifesta- 
tions of extrapulmonary P. carinii infection rather than active 
and healed phases, respectively, as has been reported in 
disseminated candidiasis [14]. Follow-up CT 1 and 5 months 
later in two patients with visceral calcifications showed pro- 
gression with numerous new calcifications involving paren- 
chyma that had been normal in density. Follow-up CT 1 month 
later in the patient with hypodense splenic lesions showed 
increased size and number of lesions without calcification. 
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In conclusion, disseminated Pneumocystis infection should 
be considered when calcifications or focal lesions are detected 
at one or more extrapulmonary sites in an immunodeficient 
patient, even if there is no history or evidence of P. carinii 
pneumonia. With appropriate stains, the diagnosis can be 
confirmed by percutaneous fine-needle aspiration. 
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Book Review 





Assurance of Quality in the Diagnostic X-Ray Department. Prepared by the British Institute of Radiology. 


Stoneham, MA: Butterworths, 107 pp., 1988. $34.95 


This practical, brief handbook was prepared by the Quality Assur- 
ance Working Group of the Diagnostic Methods Committee of the 
British Institute of Radiology. It is primarily a collection of simple 
methods to evaluate the performance of X-ray equipment, and it 
includes step-by-step instructions on the use of test equipment and 
the interpretation of results. Conventional X-ray equipment is treated 
in depth, but CT, MR, and digital subtraction imaging systems receive 
only superficial coverage, and sonographic units are not mentioned 
at all. The book apparently is targeted at facilities of the British 
National Health Service, yet it does parallel other books on quality 
assurance available in the United States. Persons who conduct or 
Supervise quality assurance programs might find this book a useful 
reference, but they probably would not select it as their first or only 
guide. 

The purpose of the book is not clearly stated. Nonetheless, inas- 
much as 80% of the pages are dedicated to methods of testing, it is 
apparent that the intent was to produce a simple how-to guidebook. 
The material is presented in three parts. Part 1, the main section, 
emphasizes equipment testing. Part 2 describes a broader approach 
to radiologic quality assurance, including both practical and philo- 
sophic material appropriate for radiology managers and administra- 
tors. Part 3 is an attempt to fill the gaps in part 1 by reprinting two 
articles that describe quality assurance for CT, MR, and digital 
subtraction imaging systems. This last section offers only a brief 
introduction to these subjects and differs markedly from the detail in 
part 1. 

Quality assurance testing most often is shared by technologists, 
physicists, and engineers, although the frequency, level of complexity, 
and responsibility may vary between groups. No real attempt is made 
in part 1 to identify who should perform the various procedures or 
how often the procedures should be conducted, but it is likely that 
the material is directed at technologists. The importance and scope 
of more elaborate acceptance testing are described, but the reader 
is referred to other publications for the specifics. Issues associated 
with radiation protection, primarily as they relate to acceptable per- 
formance of equipment, also are addressed briefly. 

The test protocols, outlined one or two to a page, give a description 


of the purpose of the test, the equipment required to conduct the 
test, the method, and how to interpret the results. Sample tolerance 
limits are provided in each case. Often, several different methods of 
testing the same parameter are given. Many of the tests in part 1 
concern procedures that are matters for state or federal regulation in 
the United States. As a result, some of these practical tests may be 
inappropriate for a radiology department in the United States. Most 
of the tests, however, are high level and are intended to determine 
constancy of image quality and safety, not compliance with regula- 
tions. Part 1 also contains good instructions on X-ray film reject 
analysis, processor monitoring, and calibration of video hard-copy 
cameras. Sample data log sheets are provided for each of the tests 
presented. 

The handbook has a spiral binding and a soft cover, but the quality 
of the pages, print, and reproduction of the figures is high. The book 
contains no index, so a more detailed table of contents would be 
convenient. 

Radiology departments in the United States have several guide- 
books on quality assurance similar to this one from which to choose. 
An excellent series from the Bureau of Medical Devices has been 
published since 1979, although the quality of the reproductions is not 
as good as in this book. Another source for this material is the series 
of reports from the American Association of Physicists in Medicine 
that covers basic to advanced quality control procedures. Good 
commercial publications are also available. Each of these alternatives 
may be more helpful to the radiology department that is establishing 
or modifying its quality assurance program to comply with good 
standards of practice, federal or state requirements, and the recently 
upgraded requirements of the Joint Commission on Accreditation of 
Hospitals. This publication from the British Institute of Radiology 
probably will be used best as an excellent secondary reference and 
resource. 
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The Anterior Wall Stripe of the 
Left Lower Lobe Bronchus on the 
Lateral Chest Radiograph: 

CT Correlative Study 





We designed a study to determine whether thickening or effacement of the anterior 
wall stripe of the left lower lobe bronchus on the lateral chest radiograph implies 
adjacent disease, as it does for the posterior wall stripe of the right bronchus interme- 
dius.The anterior wall stripe of the left lower lobe bronchus originates from the inferior 
anterior aspect of the end-on left bronchus and descends in a gentle posteriorly convex 
curve. The left lower lobe bronchus was identified on routine lateral chest films in 86 of 
90 consecutive patients who also had chest CT. In those cases the anterior wall stripe 
was measured and categorized on chest films. On the CT scans, the length of the left 
lower lobe bronchus and its relationship to the left lower lobe artery and left upper lobe, 
lingular, and lower lobe veins were assessed. The presence of adjacent disease was 
noted. A complete anterior wall stripe was seen in 59 of 86 cases. It was effaced by 
anterior soft tissue in 15 of 86 cases; in 12 of 86 cases only the superior 0.5-1.5 cm 
was effaced. A normal anterior wall stripe was as thick as 12 mm in one case, but was 
6 mm or less in 90%. Shapes other than linear were common. Anatomic variation 
accounted for nearly all of these findings. There was no focal abnormality in the 12 
cases with partial effacement or in nine of the 15 cases with complete effacement; 
disease was significant in only two of these six. 

We concluded that thickening or effacement of the anterior wall stripe is an unreliable 
sign of disease. 


AJR 154:33-39, January 1990 


Valuable information about the bronchial tree and its adjacent structures can be 
derived from analysis of lateral chest radiographs [1-4]. The straight posterior wall 
of the (right) bronchus intermedius is sharply outlined by aerated lung in the inferior 
azygoesophageal recess [3]. Thickening or obliteration of the posterior wall stripe 
has been associated with adjacent disease such as lymph node enlargement, 
neoplastic infiltration, peribronchial edema, pleural effusion, or superior segment 
consolidation [3-7]. 

The left lower lobe bronchus descends in a gentle posteriorly convex curve. Its 
anterior wall stripe originates from the inferior anterior aspect of the end-on left 
bronchus (upper lobe or main bronchus) [3]. Proto and Speckman [3] suggested 
that thickening of the anterior wall stripe of the left lower lobe bronchus, by analogy 
to the posterior wall stripe of the right middle lobe bronchus, would probably 
indicate abnormality. By studying the chest radiographs of patients who also had 
chest CT, we investigated whether this is a reliable conclusion. In 90 patients we 
characterized the range of normal appearances of the anterior wall stripe of the 
left lower lobe bronchus. 


Subjects and Methods 


Subjects 


Ninety consecutive patients undergoing chest CT for various indications formed the study 
group. The patients were 18-83 years old; 26 were women and 64 were men. 
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Radiographic Technique 


The lateral chest radiographs were obtained on the day of the 
chest CT study unless films obtained within the previous 5 days were 
available. Posteroanterior and left lateral chest films were obtained 
with a chest changer at 140 or 150 kV, focus-film distance of 2 m, 
and 10:1 stationary grid. 

CT scans of the chest were obtained with the patient supine with 
contiguous 10-mm slices on one of the three departmental scanners. 
On the Technicare scanner, lung windows were centered at 250-400 
with a width of 2400-3000; mediastinal windows were centered at 0 
with a width of 400-600. On the General Electric 9800, scanner 
settings of —300/2000 were used for lung windows and 0/400 for 
mediastinal windows. An intravascular contrast agent was given by 
infusion when indicated for suspected disease. 


Lateral Chest Film Analysis 


The lateral chest films were evaluated by consensus of the two 
radiologists without knowledge of the CT findings. Presence or 
effacement of the anterior wall stripe of the left lower lobe bronchus 
was recorded (Figs. 1-3). When present, the entire length of the 
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Fig. 2.—Effaced anterior wall stripe (arrows) 
outlined posteriorly by air column in left lower lobe 
bronchus. 
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stripe was measured to the nearest millimeter regardless of whether 
it represented the left lower lobe bronchus or continued as the basal 
trunk below the origin of the superior segment (B6). The thickness of 
the wall stripe was designated as either linear (Fig. 1), thickest 
superiorly (funnel-shaped, Fig. 3A), thickest inferiorly (comet-shaped, 
Fig. 3B), hourglass-shaped, or irregular. In some cases the visible 
anterior wall stripe began some distance caudad to the end-on left 
main/upper lobe bronchus, being separated from the bronchus by a 
soft-tissue opacity. The length of this superior effacement gap was 
measured. 


CT Scan Analysis 


The vertical length of the undivided left lower lobe bronchus was 
estimated by counting the number of 10-mm CT slices on which it 
was seen. Masses, atelectasis, or pleural effusions in the vicinity of 
the left lower lobe bronchus were recorded. 

The branching pattern of the left lower lobe pulmonary artery (Fig. 
4) on the CT scan was classified as (1) undivided arterial trunk lateral 
to the left lower lobe bronchus, (2) undivided anterolateral artery (i.e., 
lateral to the left lower lobe bronchus, but protruding ventral to a 
horizontal line through the anterior wall of the bronchus), (3) divided 


Fig. 1.—A and B, Lateral chest radiographs with 
normal central hilar structures and labeling of an- 
atomic landmarks. Linear type of anterior wall 
stripe of left lower lobe bronchus. Ao = aorta; AWS 
= anterior wall stripe of left lower lobe bronchus; 
LB6 = bronchus to superior segment (B6) of left 
lower lobe; LULB = left upper lobe bronchus; PWBI 
= posterior wall stripe of bronchus intermedius; 
RULB = right upper lobe bronchus; Tr = tracheal 
air column; 1 = right descending pulmonary artery; 
2 = truncus anterior of right pulmonary artery; 3 = 
left pulmonary artery to lower lobe (and usually 
lingula); X = pulmonary metastasis. 


Ao 








Fig. 3.—A and B, Details of lateral chest radiographs showing different shapes of anterior wall 
stripe (arrowheads): thickest superiorly, funnel-shaped (A); thickest inferiorly, comet-shaped (B). 
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Fig. 4.—A-D, CT scans (A-C) and diagram (D) showing relationships of left lower lobe 
pulmonary artery (A) and left lower lobe bronchus (B). Five variants are (1) undivided artery 
lateral to left lower lobe bronchus, (2) undivided artery anterolateral to left lower lobe bronchus 
(i.e., left lower lobe pulmonary artery extending ventral to a horizontal line through anterior wall 
of bronchus), (3) divided artery lateral to left lower lobe bronchus (A), (4) divided artery 
anterolateral to left lower lobe bronchus (B) (i.e., segmental artery extending ventral to a 
horizontal line through anterior wall of bronchus), and (5) artery anteromedial to left lower lobe 
bronchus (C) (i.e., artery both anterior to line of anterior bronchial wall and medial to line 
through lateral wall of left lower lobe bronchus). Data in diagram (D) cover all 79 cases in which 
left pulmonary artery branching pattern could be categorized. V = left lower lobe vein. 


artery lateral to the left lower lobe bronchus, (4) divided anterolateral 
artery (i.e., lateral to the left lower lobe bronchus, but with protrusion 
of the anterior branch beyond a horizontal line through the anterior 
bronchial wall), or (5) anteromedial artery with its medial part curved 
anterior to the left lower lobe bronchus. 

The position of the left upper lobe vein was classified as either (1) 
entirely cranial to the left lower lobe bronchus, (2) in contact with the 
anterior wall of the left lower lobe bronchus, or (3) at the level of the 
left lower lobe bronchus without contacting its wall. 

The configurations of the left lower lobe and lingular veins (Fig. 5) 
were Categorized as (1) posterior or (2) anterior to the undivided left 
lower lobe bronchus, (3) posteromedial or (4) anterior to segmental 
bronchi distal to the left lower lobe bronchus, or (5) both anterior and 
posteromedial to the segmental bronchi. 

For statistical evaluation numeric data were tested for normality 
with a Kolmogrov-Smirnov test [8] and transformed when necessary. 
Means and standard deviations are given for normally distributed 
data; medians, for asymmetric distributions. Length measurements 
of different anterior wall stripe shapes were tested by analysis of 
variance. Nonparametric comparisons, such as the relaticn of arterial 
branching pattern to pulmonary hypertension, were performed with 
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2 X 2 contingency tables and Fisher's exact test [8]. Testing was 
two-sided with a significance level of .05. 


Results 


Of the 90 patients investigated, the left lower lobe bronchus 
could be located on the lateral chest radiograph in 86. In four 
patients the course of the left lower lobe bronchus could not 
be determined because of postsurgical deformities or overly- 
ing obscuring soft-tissue shadows. These four patients were 
omitted from further analysis. 

A complete anterior wall stripe, continuous with tne end-on 
left main or upper lobe bronchus, was seen 59 times (69%). 
A 0.5- to 1.5-cm superior effacement gap separated the 
anterior wall stripe from the left upper lobe or main bronchus 
in 12 cases (14%). The wall stripe was totally effaced (ante- 
riorly) in 15 cases (17%). 

Shapes of the anterior wall stripes are illustrated in Figures 
1 and 3. Length measurements of the 59 complete anterior 
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Fig. 5.—Relationship of left lower lobe and lingular veins (V) to left 
lower lobe bronchus (B). Course of veins could be determined in 76 cases. 
The patterns were classified as crossing (1) posterior or (2) anterior to left 
lower lobe bronchus, (3) posteromedial or (4) anterior to left lower lobe 
segmental bronchi (b) caudad to left lower lobe bronchus proper, or (5) 
combined anterior and posterior to segmental bronchi. 


wall stripes were distributed normally, ranging from 0.5 to 6 
cm. The lengths differed significantly among the various 
shapes. Linear wall stripes (20 cases, 34%) measured 2.0 + 
0.9 cm (length + SD); funnel-shaped wall stripes (18 cases, 
31%), 2.7 + 1.1 cm; and comet-shaped wall stripes (19 cases, 
32%), 3.0 + 0.7 cm. One hourglass-shaped wall stripe was 3 
cm long; one irregular wall stripe measured 2 cm. 

The thickness of a complete anterior wall stripe was distrib- 
uted lognormally. The thinnest portion ranged from 1 to 6 mm 
(median, 2 mm). The thickest portion measured 1-12 mm 
(median, 3 mm); in 90% of cases it was no thicker than 6 
mm. No statistical association could be demonstrated be- 
tween maximal thickness and shape of the anterior wall stripe. 


Anatomy of the Left Lower Lobe Bronchus and Adjacent 
Vessels on CT 


The length of the left lower lobe bronchus on CT was 
approximated by assuming 1 cm of length for each adjacent 
10-mm scan slice on which the undivided left lower lobe 
bronchus was visible. One bronchus was 4 cm long, 10 
bronchi measured 3 cm, 46 were 2 cm long, and 21 were 1 
cm long. In eight cases the bronchus was not seen as an 
undivided structure and was categorized as “short” (<1 cm). 

Three of the patterns of the relationship of the pulmonary 
artery to the left lower lobe bronchus are illustrated in Figures 
4A-4C. The number in each category is shown on the diagram 
(Fig. 4D). Seven of the nine patients with the clinical diagnosis 
of pulmonary arterial hypertension had classifiable arteries on 
CT. A divided anterolateral pulmonary artery next to the left 
lower lobe bronchus (as in Fig. 4B) was found in five of these 
seven. This is significantly more frequent than in patients 
without pulmonary hypertension (12 of 70) (p < .005). 
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The relationship of the left upper lobe veins to the left lower 
lobe bronchus could be determined in 86 cases. The veins 
were entirely cranial to the left lower lobe bronchus in 50 
cases, in contact with its anterior wall in 28 cases, and at the 
level of the left lower lobe bronchus without contact in eight 
cases. 

The relationships of the left lower lobe and lingular veins to 
the left lower lobe bronchus are diagrammed in Figure 5; 
results in 76 cases are shown in the diagram. 


Correlation of CT and Radiographic Findings 


Intact wall stripes.—Among linear and funnel- and comet- 
shaped wall stripes radiographic measurements of length 
differed significantly, but the CT estimates of length did not. 
The length estimates by the two methods were closest for 
linear wall stripes. When the CT length was subtracted from 
the radiographic length without correction for magnification, 
the mean differences were 0.25 cm for linear anterior wall 
Stripes, 0.75 cm for funnel-shaped anterior wall stripes, and 
1.10 cm for comet-shaped anterior wall stripes. 

In patients with funnel-shaped anterior wall stripes, the 
upper lobe veins were in contact with the left lower lobe 
bronchus significantly more often (12 of 23) than in patients 
with other anterior wall stripe shapes (nine of 48) (p < .01). 

Anterior wall stripe with superior effacement gap.—In none 
of 12 patients with superior effacement of the anterior wall 
stripe was a pathologic reason found. The 0.5- to 1.5-cm 
soft-tissue gap between the anterior wall stripe and the left 
upper lobe bronchial shadow was associated with a short left 
lower lobe bronchus (<1 cm) in one case, an anteromedial 
pulmonary artery in one case, a divided anterolateral pulmo- 
nary artery in one case, an upper lobe vein in contact with 
the left lower lobe bronchus in four cases, and a combination 
of the above in four cases, leaving only one case with no soft- 
tissue structure in front of the left lower lobe bronchus. 

Completely effaced anterior wall stripes of the left lower 
lobe bronchus.—Of the 15 patients in whom the left lower 
lobe bronchus was identified on the chest film but the anterior 
wall stripe could not be seen (complete effacement), the 
following CT findings were present: a short left lower lobe 
bronchus (<1 cm) in five cases; a divided anterolateral pul- 
monary artery in two cases; an upper lobe vein in contact 
with left lower lobe bronchus in one case; an anteromedial 
pulmonary artery and anterior veins in two cases; the same, 
but with adjacent consolidation in one case; an anterolateral 
divided pulmonary artery and anterior veins in three cases; 
and tumor, anterior vein, and dilated left atrial appendage in 
one case. 

Among the patients with short bronchi and effacement of 
the anterior wall stripe, one had atelectasis of the left lower 
lobe without consolidation anterior to the left lower lobe 
bronchus. Lobar rotation also may have distorted the anatomy 
in another patient with left diaphragmatic eventration. In two 
patients tiny calcified nodes were identified anterior to the 
segmental branches of the left lower lobe bronchus. Thus, in 
at most six of the 15 cases was any pathologic cause for the 
effacement detected. 
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Effect of pathology.—Four patients had small to massive 
left pleural effusions. Fluid in the major fissure extended 
medial to the left lower lobe pulmonary artery only once. In 
this case the fluid dissected anteriorly to the left lower lobe 
bronchus on the CT scan of the supine patient. The thickness 
of the anterior wall stripe on the upright lateral radiograph 
was only 2 mm, however, for its entire length of 2.8 cm. 

Mass lesions were seen in close proximity to the left lower 
lobe bronchus in three cases. An adenocarcinoma extended 
from the posterior segment of the left upper lobe to the front 
of the left lower lobe bronchus, effacing the anterior wall 
Stripe superiorly. Effacement in this case was completed by 
a large anterior crossing vein and a dilated left atrial appen- 
dage extending anteriorly to the left lower lobe bronchus. In 
two patients with large tumors surrounding the pulmonary 
artery, a thin anterior wall stripe was preserved on the CT 
scan and chest radiograph. 


Fig. 6.—A and B, Serial lateral chest films, 4 
days apart. 

A, Thin, linear anterior wall stripe (arrowheads). 

B, Thickened stripe (arrows, arrowheads). 
Judging from displacement of ribs (not shown), 
patient’s right side was rotated further posteriorly 
at this time. 

C, CT scan shows partially divided left lower 
lobe artery anterolateral to left lower lobe bron- 
chus. In a straight lateral position, a thin interface 
of anterior bronchial wall can be projected by X- 
ray beam (line). If chest is rotated, as simulated 
by rotating CT scan, X-ray beam intersects an 
aspect of bronchus where it is in more contact 
with artery, projecting a thicker stripe. 

RULB = right upper lobe bronchus; LULB = left 
upper lobe bronchus. 
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Effect of radiographic positioning on anterior wall stripe. — 
Examination of serial lateral chest radiographs of patients in 
whom pulmonary arteries were anterolateral to the left lower 
lobe bronchus revealed that slight posterior rotation of the 
right side of the chest from a true lateral position (equivalent 
to a very steep left posterior oblique view) was associated 
with further thickening or effacement of the anterior wall stripe 
of the left lower lobe bronchus, as would be predicted from 
analysis of the relationship of the vessel to the segment of 
the bronchial wall tangential to the X-ray beam, as shown on 
CT (Fig. 6). 


Discussion 


We observed a spectrum of normal appearances of the 
anterior wall stripe not defined previously. In about one third 
of cases, the anterior wall stripe was of uniform thickness 
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(linear), in one third the stripe was thicker superiorly (funnel- 
shaped), and in one third it was thicker caudally (comet- 
shaped). The length of the anterior wall stripe, including a 
contiguous segmental bronchial wall, was 0.5-6.0 cm. The 
linear configuration was shortest (mean, 2 cm) and, with the 
CT length as the standard, best reflected the true length of 
the left lower lobe bronchus. Comet-shaped wall stripes usu- 
ally represented more than left lower lobe bronchus: they 
were longer (mean, 3 cm) than other types of wall stripes and 
also averaged 1.1 cm longer than the CT estimate of the 
length of the left lower lobe bronchus. Although the CT length 
is a crude measure because of the volume-averaging of a 10- 
mm slice, the clear depiction of segmental bronchi is advan- 
tageous. In some cases, even on the lateral chest film, a 
superior segmental bronchus was visible above the caudal 
end of the wall stripe, also indicating that the anterior wall 
stripe in those cases extended distally to the left lower lobe 
bronchus proper, probably including the anterior basal bron- 
chus. Funnel-shaped wall stripes were commonly observed 
when the upper lobe veins were in contact with the anterior 
wall of the left lower lobe bronchus. 

Proto and Speckman [3] described the anterior wall stripe 
of the left lower lobe bronchus as a line 1.0-2.5 mm thick 
that can be recognized by its characteristic posterior convex- 
ity on lateral chest radiographs. In this study the thickness 
ranged more widely, from 1 to 12 mm (median, 3 mm) for the 
maximal thickness, and from 1 to 6 mm (median, 2 mm) for 
the thinnest segment. Use of different criteria for the anterior 
wall stripe in this study may explain this disparity; we included 
shapes other than linear configurations, which may also ex- 
plain our higher rate of detection (69%) compared with that 
of Proto and Speckman (43%). 


Anatomic Basis of Effacement or Thickening of Anterior Wall 
Stripe 


Anatomic causes could account for effacement or thicken- 
ing of all or part of the anterior wall stripe in most cases. This 
included 11 of 15 of those with complete effacement, 11 of 
12 cases with a soft-tissue gap of superior effacement, and 
all those with thickening to more than 3 mm. The most 
important anatomic factors associated with gaps or efface- 
ment of the anterior wall stripe were (1) short left lower lobe 
bronchus, (2) anteromedial position of adjacent artery, and (3) 
contiguous left upper lobe vein and anterior crossing of left 
lower lobe or lingular veins. 

Minor degrees of obliquity on the lateral chest radiograph 
can affect the visibility of pulmonary structures [9]. Radio- 
graphic projection could account for effacement of the anterior 
wall stripe in 25% of patients with an anterolateral divided left 
lower lobe pulmonary artery (Fig. 4B), despite the aerated 
lung directly ventral to the left lower lobe bronchus. Thicken- 
ing or effacement of the anterior wall stripe was exacerbated 
by slight posterior rotation of the right side from a true left 
lateral position (Fig. 6). Such projection shifts the tangential 
surface of the bronchial wall more laterally, to where it is in 
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contact with the anterior segmental artery. This arterial 
branching pattern was also seen in a significantly high pro- 
portion (78%) of patients with pulmonary arterial hyperten- 
sion. It appears unlikely that early division of the left pulmonary 
artery represents a congenital variation in those patients. It 
may be possible that pulmonary artery dilatation pulls the 
level of division cranially, up to the level of the left lower lobe 
bronchus. In patients with pulmonary arterial hypertension, 
therefore, effacement of the anterior wall stripe can be antic- 
ipated with slight rotation on the lateral radiograph. 


Pathologic Causes of Effacement of the Anterior Wall Stripe 


Effacement of the anterior wall stripe was related to a 
combination of anatomic and pathologic causes in at most 
six patients. In one case the combination of an arterial pattern 
likely to efface the bronchus (anteromedial pulmonary artery) 
was complemented by consolidation of the surrounding lung. 
In two other cases of effacement tiny lymph nodes were seen 
adjacent to branches of a short left lower lobe bronchus (<1 
cm), though effacement of the anterior wall stripe was com- 
mon in any event with a short bronchus. In two others with a 
short left lower lobe bronchus on CT, rotation by atelectasis 
and eventration may have played a role. In one case a 
combination of tumor, anterior vein, and dilated left atrial 
appendage was responsible for effacement of the anterior 
wall stripe. 

Pleural effusion did not contribute to effacement in the small 
number of cases studied (n = 4). Even when fluid extended 
into the adjacent fissure, it usually halted lateral to the pul- 
monary artery, possibly in an incomplete fissure. In only one 
case did fluid dissect anteriorly to the left lower lobe bronchus 
on the CT scan, but the anterior wall stripe was only 2 mm 
thick on the chest film. 


Diagnostic Value of Thickening or Effacement of the Anterior 
Wall Stripe 


Among these 86 patients a complete anterior wall stripe on 
the chest radiographs was identified in 69%; in 14% there 
was a superior effacement gap of 0.5-1.5 cm. No pathologic 
causes for superior effacement were shown on the CT scan. 
In 15 patients (17%) with a visible left lower lobe bronchus 
the anterior wall stripe was completely effaced. In only six of 
these did pathologic anatomy, however minor in four cases, 
contribute to the appearance. Most effacements could be 
attributed to anatomic variations and the radiographic projec- 
tion. These results imply that partial or complete effacement 
of the anterior wall stripe is a sign with very low specificity. It 
also had low sensitivity for large masses nearby. 

lf the anterior wall stripe were thickened or effaced when it 
had been clear on a previous film, first the degree of rotation 
on the lateral film should be assessed. Minor changes in 
obliquity may dramatically alter the appearance of the anterior 
wall stripe in patients with anterolateral divided pulmonary 
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arteries, particularly when there is underlying pulmonary ar- 
terial hypertension. If rotation can be excluded, pulmonary 
venous hypertension should be assessed, because anterior 
crossing veins may have enlarged or the left atrial appendage 
may have insinuated itself anteriorly to the left lower lobe 
bronchus. After exclusion of these two possibilities a cross- 
sectional study should be performed, assuming no prior CT 
scan is available or a prior CT scan showed a normal left 
lower lobe bronchus without anterior vascular structures. 

We conclude that the spectrum of normal appearances of 
the anterior wall stripe of the left lower lobe bronchus goes 
beyond the linear configuration to include funne and comet 
shapes. Thickening beyond 2 mm and partial or total efface- 
ment of the anterior wall stripe usually have an anatomic 
rather than pathologic origin, and therefore do not have the 
same diagnostic implications as thickening or effacement of 
the posterior wall stripe of the right bronchus intermedius. 
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Book Review 





Dynamic Functional Studies in Nuclear Medicine in Developing Countries. Edited by The International Atomic 


Energy Agency. Lanham, MD: UNIPUB, 583 pp., 1989. 


If writing a review of a medical volume is a chore, this book is one 
of the “least choreful,” that is, both the concept and execution are of 
interest to a wide audience. The book gives the proceedings of an 
international symposium that was organized by the International 
Atomic Energy Agency in cooperation with the World Health Organi- 
zation and held in Vienna, August 15-19, 1988. It appeared in print 
less than 1 year after the meeting. 

According to the foreword, persons from 42 countries participated 
in this “technology transfer.” Perhaps the key statement can be found 
on page 16: “In nuclear medicine, we have techniques which are 
applicable safely and accurately to all sorts of clinical problems 
worldwide.” 

The book is divided into 11 sections: nuclear cardiology, renal 
function studies, thyroid, hepatobiliary function, gastroenterology, 
brain and bone, lung, miscellaneous, instruments, quality control, and 
cerebral function studies. All but five of the reports are in English 
(two are in French, and three are in Spanish). The shortest sections 
(one chapter each) are the ones on the thyroid and on cerebral 
function studies. Some of the longer sections are nuclear cardiology 
(nine chapters) quality control (nine chapters), and lung (eight chap- 
ters). 

A reasonable approach to such a meeting would be to have 
presentations both from established laboratories and from those in 
developing countries. This indeed is the case here. First authors are 
from the United Kingdom, Japan, Canada, the United States, and 
several European countries. Authors of other presentations are from 
(for example) Chile, India, Uruguay, Republic of Korea, Kuwait, Ghana, 
Nigeria, Tunisia, Pakistan, China, Poland, Thailand, and Singapore. 
With this diversity of authors, the presentations are diverse as well. 
Several submissions can be classified as “current status of ...” in a 
particular country. These are of special interest because they indicate 


how various laboratories attempt to cope with limited equipment. For 
example, one chapter describes the use of minimal transit time in 
measuring left ventricular ejection fraction (in lieu of ECG-gating of 
blood-pool images obtained with a gamma camera). It makes me 
suspect that we have lost our competitive drive, by not designing 
and selling a minimal cost “black box” (ECG-computer) to laboratories 
throughout the world. Another fascinating aspect of the current- 
status chapters is the indication that significant differences in physi- 
ologic activities exist between different populations. This may be at 
the basis of differences between a Filipino population's results with 
quantitative thallium-201 myocardial distribution and those described 
by the Stanford quantitative program. 

A downside to the book is the discussion at the end of each 
chapter. Instead of being a detailing of actual questions and answers, 
each is a paraphrase of what occurred, with such terms as “another 
speaker commented.” Many pages are devoted to the topic of quality 
control. However, little is said about quality assurance or about the 
determination of such factors as sensitivity and specificity of studies 
(probably because obtaining correlations is time-consuming and ex- 
pensive). 

The reported studies vary from the use of well-established proto- 
cols to those that are based on rather shaky foundations. However, 
the full range of presentations allows an appreciation of the use of 
dynamic studies in nuclear medicine throughout the world. Perhaps 
the volume should be listed as a progress report. It is timely and 
informative, and it makes me wish that all the good and bright workers 
in the field could have access to good and bright equipment. 
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CT Appearance of the Retroaortic 
Anastomoses of the Azygos 
System 





The terminations of the hemiazygos and accessory hemiazygos veins can be mistaken 
for normal or enlarged posterior mediastinal lymph nodes on CT scans of the chest. 
These terminations are termed the retroaortic anastomoses by anatomists. We studied 
the CT appearances of these veins on scans of one cadaver and seven patients. We 
found that the retroaortic anastomoses usually were clearly recognizable because of 
their continuity with the hemiazygos or accessory hemiazygos vein. However, it is 
sometimes possible to mistake these vessels for lymph nodes, especially when only 
short segments of the vessel are visible on a CT image or when the vessel is not clearly 
opacified by contrast material. 

Familiarity with the CT appearances of the hemiazygous and azygous veins can 
prevent their being mistaken for normal or enlarged lymph nodes. 
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Branches of the azygos and hemiazygos venous system in the poster or me- 
diastinum must be correctly identified on CT scans of the chest in order for the 
radiologist to distinguish them from normal or enlarged lymph nodes. Elongated 
Structures in the mediastinum are easily recognized as vessels. However, a short 
vein in the craniocaudal plane or one that is oriented obliquely or in an anteropos- 
terior direction can resemble a small mass and be confused with a lympr node. 
Familiar examples are the azygos arch and the left superior intercostal vein: when 
only a small part of one of these veins is seen on a single CT scan, it aopears 
round or oval, more like a lymph node than a vessel. Similarly, the short transverse 
terminations of the hemiazygos and accessory hemiazygos veins, where they join 
the azygos vein in the posterior mediastinum (Fig. 1), can be mistaken for normal 
or enlarged periaortic lymph nodes. 

Although these veins and their variations are well known to anatomists as the 
retroaortic anastomoses [1], their appearance on CT has not been described. 
Therefore, we studied these anastomoses as seen on CT scans obtained in a 
cadaver and in patients. 


Materials and Methods 


A male cadaver was prepared for demonstration of venous anatomy by injecting 200 ml of 
diatrizoate into the lumbar vertebral bodies through 18-gauge needles placed under CT 
guidance. CT images through the abdomen and chest were then made using a GE 8800 
scanner (10-mm collimation, 120 kVp, 384 mAs). 

Seven cases showing retroaortic anastomoses were gathered from teaching files. As 
expected, some of these patients had visible chest disease, but in no case was there any 
known disease affecting the mediastinal veins. Each scan was evaluated for the presence or 
absence of the azygos, hemiazygos, and accessory hemiazygos veins and the number and 
location of retroaortic anastomoses. 

CT was performed on GE8800, GE 9800, or Picker 1200X scanners using 5- or 10-mm 
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Fig. 1.—Common pattern of azygos, hemiazygos, and accessory hem- 
iazygos veins, showing retroaortic anastomoses (arrows) of hemiazygos 
and accessory hemiazygos veins. Broken lines indicate variable intercon- 
nections among veins. IVC = inferior vena cava; SVC = superior vena 
cava. 


collimation. IV contrast medium was infused in all cases. Images 
were photographed at a window width of 300-600 H and level of 
=—25 to 50 H. 


Results 


On CT scans, the azygos vein lies to the right of the 
descending aorta (Figs. 2-4) in the lower chest. Cranially, it 
shifts further to the right, arching over the right upper lobe 
bronchus and terminating in the superior vena Cava. 

The hemiazygos vein lies posterior to and to the left of the 
descending aorta (Figs. 2-4) between the levels of the ninth 
and 11th thoracic vertebrae. Draining intercostal veins may 
be visible (Fig. 2). Between the levels of the eighth and 10th 
vertebrae the retroaortic anastomosis of the hemiazygos vein 
crosses behind the aorta to join the azygos vein (Figs. 2-4). 
Because only a small segment of the vein is visible on a given 
slice, the vessel sometimes appears elliptical, like a lymph 
node (Figs. 3 and 4), rather than elongated like a vessel (Fig. 
5). The vein is not always clearly opacified after injection of 
contrast material (Figs. 3 and 4). 

The retroaortic anastomosis of the accessory hemiazygos 
vein has the same appearance except that it occurs at a 
higher level (Figs. 4 and 5). 
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Discussion 


The azygos, hemiazygos, and accessory hemiazygos veins 
vary [1]. The azygos vein (Fig. 1) receives nearly all the venous 
drainage from the right intercostal veins. When the hemiazy- 
gos or accessory hemiazygos vein is not present, the left 
intercostal veins also drain directly to the azygos vein, passing 
behind the descending aorta and potentially resembling a 
retroaortic anastomosis. Although the medial side of the 
azygos vein receives a number of small tributaries, only the 
retroaortic anastomoses of the hemiazygos and accessory 
hemiazygos systems are seen with any frequency on CT 
scans. 

The hemiazygos vein (Fig. 1) receives the left intercostal 
veins of the lower thorax. Between the eighth and 11th 
thoracic vertebrae, the hemiazygos vein crosses obliquely to 
the right behind the aorta to empty into the azygos vein, 
forming a retroaortic anastomosis. In most cases [1], there is 
a single retroaortic anastomosis between the hemiazygos 
and azygos veins, but in about 12% of cases there are more 
than one [1]; sometimes there is none [2]. Even more rarely, 
the anastomosis is ventral to the descending aorta. 

The accessory hemiazygos vein (Fig. 1) receives the left 
intercostal veins from the middle third of the chest. It usually 
connects cranially with the left superior intercostal vein and 
frequently drains via a retroaortic anastomosis at about the 
level of the seventh thoracic vertebra to the azygos vein. On 
occasion, instead of a single, continuous accessory hemia- 
zygos vein, there are several small segments, each with its 
own retroaortic anastomosis connecting to the azygos vein. 

A retroaortic anastomosis can also occur when a left su- 
perior intercostal vein does not drain into the left brachioce- 
phalic vein, but instead crosses the mediastinum behind the 
aorta to drain into the azygos vein or the right superior 
intercostal vein [1]. 

In order to determine whether a retroaortic anastomosis 
belongs to the hemiazygos or accessory hemiazygos vein, it 
is only necessary to establish its continuity with one or the 
other vein by examining contiguous slices. If more than one 
retroaortic anastomosis is apparent on CT scans (Fig. 5), then 
it is likely that the lower one arises from the hemiazygos and 
the higher from the accessory hemiazygos vein. There is 
another indication that a retroaortic anastomosis belongs to 
the accessory hemiazygos rather than to the hemiazygos 
vein: The hemiazygos vein may be visible in the lower hemi- 
thorax and disappear about the level of the ninth thoracic 
vertebra, not extending cranially to the accessory hemiazygos 
vein (Fig. 5); in this situation, occurring in 46% of cases [1], 
a retroaortic anastomosis visible above the point of disap- 
pearance of the hemiazygos vein must belong to the acces- 
sory hemiazygos vein. 

Usually, the azygos, hemiazygos, and accessory hemiazy- 
gos veins and their retroaortic anastomoses are small enough 
that although they might be confused with lymph nodes, they 
would not be misinterpreted as pathologically enlarged nodes. 
However, obstruction of the superior or inferior vena cava 
[3], azygos or hemiazygos continuation of a right or left 
inferior vena cava [4-6], or portal hypertension [7] may dilate 
the azygos and hemiazygos systems and their retroaortic 
anastomoses as collateral pathways. A retroaortic anasto- 
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Fig. 2.—Cadaver injected with 200 ml of diatrizoate. (Courtesy of R. Dorwart, Burlington, VT.) 


A, CT image at level of right atrium shows enhanced hemiazygos vein (open arrow), which receives an intercostal vein (arrowhead). Note prominent 
asbestos-induced pleural plaques (solid arrows). 


B, CT image 2 cm higher shows retroaortic anastomosis (arrow) of hemiazygos vein joining azygos vein. 
C, CT image 1 cm higher shows azygos vein (arrow). No hemiazygos or accessory hemiazygos vein was visible at this or any higher level. 













Fig. 3.—Patient with melanoma. 

A, CT image through lower thorax shows azy- 
gos (solid arrow) and hemiazygos (open arrow) 
veins. 

B, CT image 2 cm higher shows retroaortic 
anastomosis (arrow) of hemiazygos vein cross- 
ing behind aorta to empty into azygos vein. De- 
spite injection of contrast material, retroaortic 
anastomosis is not noticeably opacified. It is 
slightly elongated, but resembles a lymph node. 


Fig. 4.—Patient with paraesophageal hiatal hernia. 


A, CT image through lower thorax shows azygos (black arrow) and hemiazygos (open arrow) veins. (Note herniated abdominal contents [solic white 
arrow ].) 


B, CT image 3 cm higher shows prominent retroaortic anastomosis (arrow). At this level, near carina, retroaortic anastomosis must arise from accessory 


hemiazygos vein rather than from hemiazygos vein. No retroaortic anastomosis arising from hemiazygos vein was visible. Despite IV administration of 
contrast material, veins are not significantly opacified. 


C, CT image 1 cm higher shows azygos (solid arrow) and accessory hemiazygos (open arrow) veins. 
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mosis is sometimes large enough (Fig. 4), even without major 
vein obstruction, to be mistaken for an enlarged lymph node. 
Familiarity with the anatomy of these vessels can prevent this 
error. 
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CT and Chest Radiography Are 
Equally Sensitive in the Detection 
of Pneumothorax After CT-Guided 
Pulmonary Interventional 
Procedures 





Pneumothorax is the most common complication after CT-guided pulmonary interven- 
tional procedures and should be promptly diagnosed and treated. Because it is easier 
to obtain CT scans than chest radiographs after CT-guided interventional procedures, it 
is important to know the sensitivity of CT in detecting pneumothoraces. To determine 
the sensitivity of CT for detecting procedure-induced pneumothoraces, we retrospec- 
tively reviewed 70 pulmonary interventional procedures performed under CT guidance. 
The sensitivity for detecting pneumothoraces with CT was compared with the detection 
rate with expiratory chest radiographs. Thirty-two (46%) of 70 procedures resulted in 
pneumothorax. Twenty-nine (91%) of the pneumothoraces were detected on CT scans 
and 27 (84%) were detected on chest radiographs. The difference between these two 
detection rates was not statistically significant (p < .90). 

We conclude that postprocedure CT scans can replace expiratory chest radiographs 
for the detection of pneumothoraces after CT-directed pulmonary procedures. 
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To our knowledge, no previous reports have compared the frequency cf pneu- 
mothorax detected on postprocedure CT scans with the frequency detected on 
postprocedure expiratory chest radiographs. Because the patient is already in the 
CT scanner after CT-guided procedures, it is easier to obtain CT scans than chest 
radiographs to detect pneumothoraces. To compare the sensitivity of these two 
techn ques for detecting postprocedure pneumothorax, we retrospectively re- 
viewed the CT scans and chest radiographs obtained after 70 CT-guided percu- 
taneous pulmonary procedures in 70 patients. 


Materials and Methods 


Seventy patients who underwent 70 percutaneous chest procedures between January 
1986 and April 1989 were included in the study. The patients ranged in age from 27 to 85 
years (mean, 57 years); 32 were women and 38 were men. The procedures included 66 
biopsies, one thoracic vertebral body biopsy, one empyema drainage, one pericardiocentesis, 
and one combined lung and liver biopsy. 

indications for CT guidance were lesions not identified or poorly visualized by fluoroscopy 
and pleurally based, hilar, or mediastinal masses. 

The biopsies and drainages were performed by using techniques previously described [1- 
3]. Lesions within the lung parenchyma or hilum were sampled by biopsy with 20-gauge 
Chiba needles (Cook, Bloomington, IL), and mediastinal or pleurally based lesiors were 
sampled by biopsy with 18-gauge Chiba needles. Large mediastinal masses that were 
Suspicious for lymphoma were sampled by biopsy with 14-gauge Tru-Cut needles (Baxter 
Health Care Corp., Deerfield, IL). Empyema drainage was performed by using 10-French 
vanSonnenberg chest drainage catheters (Medi-tech, Watertown, MA). 

These interventional procedures were performed by using Current third- or fourth-genera- 
tion CT scanners capable of 2-sec scans. Postprocedure scans were obtained eithe- at the 
level of the biopsy site or in the midlung field at the nipple level. Postprocedure chest 
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radiographs were obtained with the patient upright in the postero- 
anterior projection at full expiration. Delayed (3 or 4 hr) radiographs 
were not routinely obtained. 

The presence of pneumothoraces on either the CT scan or the 
chest radiograph was recorded, and the sensitivity of the two tech- 
niques for the detection of pneumothorax was compared. 


Results 


Thirty-two (46%) of 70 procedures resulted in pneumotho- 
rax. Twenty-nine (91%) of the 32 pneumothoraces were 
detected on CT scans and 27 (84%) were detected on chest 
radiographs. Five pneumothoraces were seen only on CT 
scans, and three pneumothoraces were seen only on chest 
radiographs. 

Four of the five pneumothoraces seen only on CT scans 
were small (<10%) and one was moderate (10-20%) in size. 
None of these patients were symptomatic or required chest- 
tube placement. 

Two of the three pneumothoraces seen only on chest 
radiographs were small (<10%) and one was large (>20%). 
The patient with the large pneumothorax became sympto- 
matic and required chest-tube drainage. The other two pa- 
tients did not. Our criteria for chest-tube drainage were pneu- 
mothoraces greater than 20% or in any patient who was 
symptomatic. 

Therefore, the sensitivity rate for detection of pneumotho- 
rax on CT scans was 91% and on chest radiographs was 
84%. The difference between these two percentages (p < 
-90 by Yates’s corrected chi-square test) is not statistically 
significant. 


Discussion 


As the number of indications for CT guidance of interven- 
tional pulmonary procedures increased, we became inter- 
ested in whether CT scans alone would be as sensitive as 
expiratory chest radiographs in detecting procedure-induced 
pneumothoraces [4]. If they were equally sensitive, CT scans 
could replace expiratory radiographs, thus saving film and 
avoiding transportation of the patient to another area of the 
department. This would decrease the total time and cost of 
the procedure. 

Our results show that there is no statistically significant 
difference in sensitivity rates for detecting pneumothoraces 
on CT scans or on expiratory chest radiographs (p < .90). 
This evidence supports the elimination of chest radiographs 
in favor of postprocedure CT scans. 

The CT scans were obtained at the biopsy site or through 
the midlung (nipple line) in almost all cases. In a few cases, 
we obtained three CT scans (apical, mid, and inferior) rather 
than a single scan. Theoretically, it is advantageous to obtain 
scans through the region least dependent on gravity. With 
this technique, CT might be capable of detecting smaller 
pneumothoraces than chest radiographs. 

A possible limitation in our study is that all of the CT scans 
were not obtained at exactly the same level in every patient 
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(i.e., midlung vs biopsy site). We believe that the highest 
sensitivity might be achieved by obtaining scans in the region 
least dependent on gravity and think that this method de- 
serves further investigation. 

There were three false-negative CT scans and five false- 
negative radiographs. The false-negative radiographs are 
probably due to the increased ability of CT to detect even 
minimal, nonclinically significant pneumothoraces. The cross- 
sectional anatomy provided by CT should theoretically allow 
for greater sensitivity for the detection of small pneumotho- 
races. It is more difficult to explain the occurrence of the 
false-negative CT scans. We believe that they are most likely 
due to one of two cases. First, because a small percentage 
of pneumothoraces develop slowly, a pneumothorax might 
not be present at the time of the immediate postbiopsy CT 
scan and could have developed by the time of the postpro- 
cedure chest radiograph (10-15 min later). Second, we be- 
lieve that it is important to obtain the CT scans through the 
portion of the chest least dependent on gravity, and this may 
not have been done in the false-negative CT cases. 

A question that is raised as a result of our study is whether 
it is clinically important to detect minimal pneumothoraces 
seen on CT scans and not on radiographs. If they are found 
in asymptomatic patients who will be monitored closely in a 
hospital setting, then the detection of these minimal pneu- 
mothoraces may be unrewarding. However, if these minimal 
pneumothoraces are detected in patients during outpatient 
procedures, then this information would be extremely impor- 
tant because in our experience a significant number of small 
pneumothoraces progress and cause symptoms. 

One advantage that chest radiographs offer is the ability to 
monitor any pneumothorax detected at the time of the pro- 
cedure. This would be easier to do and more cost-effective 
than follow-up CT scans, and this is the way we would follow 
asymptomatic pneumothoraces. 

We therefore conclude that when percutaneous lung pro- 
cedures are performed with CT guidance, postprocedure CT 
scans can replace expiration chest radiographs as the method 
for detecting pneumothoraces. Furthermore, we recommend 
that the scans be obtained through regions least dependent 
on gravity. 
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Case Report 





Life-Threatening Hemorrhage Due to Percutaneous 
Transthoracic Intervention: Importance of the Internal 


Mammary Artery 


Robert M. Glassberg' and Steven K. Sussman 


Image-guided percutaneous transthoracic procedures such 
as needle biopsy of lung or mediastinal lesions and drainage 
of pleural fluid collections are now well accepted [1-7]. These 
procedures are usually performed safely, although complica- 
tions can occur, the most common of which are pneumotho- 
rax, bleeding, and hemoptysis. In our review of the literature, 
the internal mammary artery has never been the source of 
major hemorrhage complicating one of these procedures. In 
fact, no mention is made of the internal mammary artery as a 
source of potential bleeding when planning biopsy or drainage 
routes. We report two cases of life-threatening nemorrhage 
due to bleeding from this vessel after percutaneous biopsy 
and intervention. 


Case Reports 
Case 7 


A 62-year-old man with long-standing cardiomyopathy underwent 
an orthotopic cardiac transplantation. A chest CT scan obtained 
because of sepsis during the postoperative course (Fig. 1) showed a 
retrosternal fluid collection with multiple air bubbles. The collection 
was drained under radiographic guidance. We introduced an 18- 
gauge needle sheath via a parasternal approach and inserted a 0.035- 
in. (0.89 mm) J-tipped guidewire, over which an 8-French multi-side- 
hole pigtail drainage catheter (Meditech, Watertown, MA) was placed 
and connected to continuous low-pressure suction. The next day, 


immediately after this tube was removed, the patient bled massively, 
requiring emergent exploratory surgery. During surgery, the bleeding 
source was identified as the right internal mammary ar-ery. The 
puncture site from the drainage catheter was clearly identified, and 
the artery was ligated. The patient died 3 weeks later from multiple 
other postsurgical complications. 


Case 2 


A 61-year-old woman was admitted complaining of lethargy. A 
chest radiograph and subsequent chest CT scans revealed a nodular 
mass in the superior aspect of the medial segment of the rigat middle 
lobe of the lung (Figs. 2A and 2B). A percutaneous needle biopsy of 
the lesion was performed via an anterior parasternal approach. A 20- 
gauge, 3¥2-in. (8.9 cm) side-cut needle (Becton-Dickenson, Ruther- 
ford, NJ) was used, and a single pass was made. Almost immediately 
after the biopsy the patient became faint and hypotensive, requiring 
fluid resuscitation. Subsequent chest radiography revealed an effu- 
sion in the right lung. Thoracentesis was performed and yielded gross 
blood. The patient was treated conservatively and ultimately was 
discharged. She was readmitted 2 weeks later with a reaccumulation 
of fluid in the right lung. Percutaneous drainage was unsuccessful 
because of multiple loculations, and thoracotomy and decortication 
ultimately were performed. Although the exact site of prior bleeding 
was not identified, the internal mammary artery was thoucht to be 
the source because of the briskness of the bleeding and because the 
needle path traversed the location of the artery. The patient had an 
uneventful postoperative course and was discharged. 
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Discussion 


In the past several years, much has been written about the 
merits of image-guided percutaneous transthoracic proce- 
dures, most commonly including needle biopsy and drainage 
of effusions and/or empyemas. Improvements in biopsy tech- 
nique, imaging technology, and cytopathologic interpretation 
have made possible the biopsy of most lung lesions, including 
those smaller than 1 cm in diameter [1, 2]. In addition, image- 
guided drainage of intrathoracic fluid collections has gained 
fairly widespread acceptance with good success rates [3-6]. 
Complications from percutaneous biopsy, reportedly range 
from 10% to 60% with pneumothorax, minor bleeding, and 
hemoptysis accounting for the majority. Such complications 
are almost unheard of with drainage of pleural fluid collections 
because the lung parenchyma is usually not transgressed [3- 
6]. 

When major hemorrhage has occurred, the actual bleeding 
site has rarely been identified. In the select few cases in which 





Fig. 1.—CT scan shows a loculated collection with air bubbles (open 
arrows) just behind and to right of sternum. Internal mammary artery (solid 
arrow) and vein (arrowhead) are noted approximately 1.5 cm lateral to 
sternal border just anterior to collection. 
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the site has been identified, tumoral or infectious processes, 
which may create large precapillary vascular anastomoses 
between the bronchial and pulmonary circulations, were found 
to be the source [7]. Although it is common practice during 
both biopsy and drainage to avoid the intercostal arteries and 
veins by entering the intercostal space caudally, just above 
the lower rib [1, 4], no authors have mentioned the internal 
mammary vessels when planning approaches for percuta- 
neous intervention. In a recent review article, Westcott [2] 
recommends the anterior parasternal approach for the biopsy 
of most anterior mediastinal masses, but does not mention 
the proximity of the internal mammary vessels. Retrosternal 
fluid collections also have been drained with catheters in- 
serted via an anterior parasternal approach. In fact, Figure 2 
of Merriam et al. [3] shows an anteriorly loculated parapneu- 
monic empyema in which the internal mammary vessels are 
seen very clearly anterior to the collection and the drainage 
catheter courses directly through this region. Again, no men- 
tion is made of avoiding these vessels when planning the 
drainage route. 

The internal mammary arteries arise from the first portion 
of the subclavian arteries 2 cm above the clavicle. They 
descend as paired structures on either side of the sternum 
behind the cartilages of the upper six ribs at a distance of 
about 1.25 cm from the edge of the sternum [8]. These 
vessels are well shown with chest CT, especially with IV 
contrast material (Fig. 3). There are two internal mammary 
veins on each side, which unite superiorly at the manubro- 
sternal joint and course medially to the arteries [8]. Clearly 
these vessels are at risk when an anterior parasternal ap- 
proach is used for either biopsies or placement of a drainage 
catheter. 

In conclusion, percutaneous transthoracic procedures con- 
tinue to be an efficacious means of diagnosis and therapeutic 
intervention, but they are not without risk. Major hemorrhagic 
events can occur, but with careful technique their frequency 
can be decreased. When using an anterior parasternal ap- 
proach, one must be aware of the location of the internal 
mammary vessels. An approach either immediately lateral to 
the sternum or at least 2 cm from the sternal border is 





Fig. 2.—A, CT scan shows nodular mass in 
right middle lobe (arrow). 

B, Narrow CT windows improve visualization 
of position of internal mammary artery (arrow) 
and vein (arrowhead) just anterior to mass di- 
rectly in path of biopsy needle. 
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recommended to avoid hemorrhagic complications due to 
injury of the internal mammary artery. 
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Fig. 3.—In a patient with diffuse mediastinal metastases. internal mam- 
mary arteries (arrows) and veins (arrowheads) are well seen on a contrast- 


enhanced CT scan. If an anterior parasternal approach is used to perform diology 1974;112:305-307 
a biopsy of either anterior mediastinal mass (m), internal mammary vessels 8. Gray H; Clemente CD, ed. Gray's anatomy, 30th ed. Philadelphia: Lea & 
could be traversed if one is unaware of their location. Febiger, 1985: 706-708 


50 


Book Review 





Exposure of the U.S. Population from Diagnostic Medical Radiation. Recommendations of the National Council 
on Radiation Protection and Measurements. (NCRP Report No. 100.) Bethesda, MD: National Council on Radiation 
Protection and Measurements. 83 pp., 1989. $14 


Perhaps the purpose of this report is subliminal. It certainly is not 
obvious, even though the title proposes a rather simple message. It 
is difficult to separate the confusion that originates from the material 
itself from the confusion that is due to poorly written and edited text 
and tables. In the final analysis, this report seems to establish that 
the United States has poor information to support the promise of the 
title. Further, even if we know the dose in millirads or microGreys or 
the dose equivalent or the effective dose equivalent or the age- 
adjusted effective dose equivalent or the collective effective dose 
equivalent or the genetically significant dose or the mean actual bone 
marrow dose, ad nauseam, what do we do with these profound 
values? 

This report has five chapters. The first is an introduction that lays 
down the excuses for such a poor report. The second chapter, 
“Concepts, Units and Quantities,” suggests the units that will be used 
in presenting the promised information. It is encouraging to read that 
the International Council on Radiation Protection (ICRP) method for 
calculating an effective dose equivalent will be used. In diagnostic 
radiology, a reasonable method never has been available to compare 
the detriment from irradiation of a part of the body with that from 
irradiation of the whole body. The effective dose equivalent might do 
that; unfortunately, as it is applied in this report no adjustment is 
made for partial organ irradiation (e.g., effective dose equivalent for 
exposure of one breast is the same as for both breasts). 

The third chapter is “Diagnostic Medical and Dental X-Ray Exams.” 
It draws strongly on four surveys by the Food and Drug Administration 
published in 1964, 1970, 1980, and 1981. The data were limited 
originally, inconsistent from one report to the next, and are, of course, 
quite dated. Attempts are made to combine this information with 
demographic data to allow calculation of age-adjusted dose equiva- 
lents. It is argued that an older person receiving diagnostic exposure 
to radiation will not live long enough to manifest the effect. Although 
this appears to be a cogent argument, it neglects to recognize that 
the dose-effect factors that might be applied to a population dose 
parameter to express a population detriment are developed from 
studies of populations that also have an age distribution, and these 
risk factors are not age adjusted. 

The report bobs and weaves through various sets of data and 
calculations to estimate the genetically significant dose, the mean 
annual bone marrow dose, and, eventually, the effective dose equiv- 
alent and the collective effective dose equivalent. A short appendix 
presents a sample calculation of collective effective dose equivalents 
for chest examinations. This is helpful for understanding the method 
but disconcerting when the details are examined. For example, why 
is the entrance exposure for an anteroposterior chest film twice the 
entrance exposure for a posteroanterior chest film? And why is the 
absorbed dose to the thyroid higher than that to the breast for an 


anteroposterior chest film? And why is there no dose to the kidney 
or liver from chest examinations? The final step is to apply the ICRP 
weighting factors to absorbed dose values to calculate the effective 
dose equivalent. The weighting factors account for the reduced effect 
if exposure is to selected organs only as compared with the effect of 
whole-body irradiation. The factors are roughly equal to the fractional 
value of the mass of the organ to the mass of the whole body. It 
seems reasonable then that if only a part of the organ is exposed, 
the weighting factor should be reduced. This reasoning is not fol- 
lowed, and the full weighting factor is used for both the marrow and 
the bone when the effective dose equivalent for chest examinations 
is calculated. Distribution factors become a serious question when 
the effective dose or risk from CT is considered, but the question is 
not answered in this report. 

The fourth chapter is on nuclear medicine. As found in chapter 3, 
the input data go through 1982, and the report acknowledges that 
“since that time there have been significant changes that undoubtedly 
affect the numbers.” It also states that “the average amount of 
administered radioactivity used in the United States for most studies 
is not known.” So why go any further? But again, there is bobbing 
and weaving to come up with absorbed doses, genetically significant 
doses, and effective dose equivalents. No sample is given for nuclear 
medicine studies to show the calculation of absorbed dose and 
effective dose equivalent. The methods of B. Lindell are referenced, 
which is fine if one reads Swedish. 

In the final lines, the reader learns that the average annual per 
caput dose equivalent from diagnostic radiology and nuclear medicine 
is 0.54 mSv (54 mrem). So what? After all the convoluted effort to 
develop this number, it cannot be compared with other numbers. 
This is Square one. 

Aside from the deficiency in good surveys for input data and some 
questionable methods in the calculation, the more basic question is, 
Who needs this information? Because of the obvious nonhomoge- 
neous distribution of doses by age, ill vs well, and body part, calcu- 
lating an average population dose only tends to hide the problem of 
those who actually receive the dose. The per caput effect dose 
equivalent might be presented to a congressional committee to justify 
more bureaucracy in radiatiom protection, but if those congressmen 
read (and understand) this report, they would discount any value 
offered. 

This report is more enlightening about what is not known than 
what is known. If you need a blue-gray booklet on your shelf, this is 
it. Let us hope that the NCRP does better with its next report. 
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University of Washington 
Seattle, WA 98195 


Meenakshi Bhalla’ 
Barry S. Leitman® 
Carlos Forcade’ 

Eric Stern’ 

David P. Naidich® 
Dorothy I. McCauley® 


Received July 28, 1989; accepted after revision 
August 29, 1989. 


' Department of Radiology, University of Medi- 
cine and Dentistry of New Jersey, 100 Bergen St., 
Newark, NJ 07103. 


2 Present address: Department of Radiology, 
Medical University of South Carolina, 171 Ashley 
Ave., Charleston, SC 29425. Address reprint re- 
quests to M. Bhalla. 


3 Department of Radiology, New York University/ 
Bellevue Medical Center, 560 First Ave., New York, 
NY 10016. 


51 


Lung Hernia: Radiographic Features 





Lung hernia is an abnormal protrusion of the lung beyond the confines of the thoracic 
cage. Hernias are classified as cervical, intercostal, or diaphragmatic. Each of these 
types can be either congenital or acquired. Acquired hernias can be spontaneous, 
posttraumatic, or pathologic as a result of a neoplastic or inflammatory process. This 
report describes five cases of lung hernias. Two were congenital cervical hernias, 
detected as incidental findings on chest radiographs of infants. One was a posttraumatic 
intercostal hernia detected on a chest radiograph and confirmed with CT. The remaining 
two were acquired intercostal hernias at the site of prior chest-tube drainage of 
tuberculous empyemas. Although both of these were clearly shown on CT scans, only 
one was visible on chest radiographs. 
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Lung hernia is an uncommon entity, with fewer than 300 cases reported in the 
literature [1]. We herein report five additional cases. Herniations occurring cephalad 
into the neck may be visualized on either chest radiographs or lateral radiographs 
of the neck. Herniation through the intercostal space may be missed on routine 
chest radiographs unless the hernia is at a true tangent to the X-ray beam. An 
optimal oblique view of the chest may be necessary to show the hernia. CT not 
only better defines the dimensions of the hernia but also provides valuable infor- 
mation about the thoracic cage and the pleural space. 


Case Material 


The first patient was a 67-year-old asymptomatic man whose routine posteroanterior chest 
radiograph showed an unusual, well-circumscribed rounded lucency extending beyond the 
rib cage in the third intercostal space (Fig. 1A). On the lateral view, the lucency projected 
over the tracheal air column. Physical examination revealed a soft, crepitant bulge in the right 
inferior axillary region. A cough reflex was elicited. CT confirmed the presence of lung 
herniation through the third intercostal space (Fig. 1B). 

The second patient was a 50-year-old man with a history of tuberculous empyema drained 
with multiple chest tubes, who had a soft, reducible mass in the region of the previous 
drainage site. The posteroanterior chest radiograph revealed a large, laterally positioned 
subpleural air cyst in the left upper lobe and a collection of air in the overlying soft tissues of 
the chest wall (Fig. 2A). On fluoroscopic examination, the air collection increased in size 
during Valsalva maneuver (Fig. 2B). A xenon ventilation scan revealed delayed filling and 
clearing of the radionuclide from the abnormal area, indicating herniation of the lung. CT 
confirmed the presence of lung herniation at the site (Fig. 2C). 

The third patient was a 52-year-old man with cough, fever, and malaise. Previously, he 
had had tuberculous empyema drained with chest tubes. The chest radiograph showed a 
parenchymal consolidation in the right apex and fibrocavitary disease. CT snowed an 
lineiienartad rinht anteriar intercostal luna hernia at the site of the previous chest tube 
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Fig. 1.—Posttraumatic intercostal hernia. 
A, Caned-down view of chest radiograph 
shows healed third rib fracture, scarring in the 








w 


Fig. 2.—Postinflammatory intercostal hernia. 


right upper lobe, and herniated lung. 
B, CT scan confirms lung herniation. 





C 


A and B, Chest radiograph (A) and coned-down spot film (B) obtained during Valsalva maneuver show large peripheral lung “cyst” herniating through 


chest wall. 


C, CT scan confirms herniation of lung cyst through fourth intercostal space. 


The remaining two patients were infants, 4 months and 6 months 
old, who had upper respiratory tract infections. Chest radiographs 
showed protrusion of the lung apices into the neck (Fig. 4). One of 
the infants also had a consolidation in the right upper lobe. The same 
infant had a follow-up chest radiograph 4 weeks later that showed 
clearing of the consolidation and complete resolution of the apical 
lung herniation. The other infant was lost to follow-up. 


Discussion 


Hernia of the lung is rare. It is defined as a protrusion of 
pulmonary tissue beyond the confines of the thoracic cage. 
According to Goodman [1], the first published description and 
classification date back to 1845. That classification is still 
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are classified on the basis of their location and cause. Ana- 
tomically, they are subdivided into cervical, intercostal (tho- 
racic), and diaphragmatic hernias. Each of these types can 
be either congenital or acquired. Acquired hernias can be 
Classified further as traumatic, spontaneous, or pathologic as 
a result of neoplastic or inflammatory processes. 

Two of our patients were infants with congenital cervical 
hernias. Herniation of the lung into the neck is normally 
prevented by the parietal pleura, deep cervical fascia (Sib- 
son's fascia), and the over'ying muscles. Herniation is pre- 
vented posteriorly at the thoracic inlet by the trapezius muscle 
and laterally by the three scalene muscles. However, ante- 
riorly a gap exists between the scalenus anterior and the 
sternocleidomastoid muscles through which herniation oc- 
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Fig. 3.—CT scan shows intercostal hernia in a patient with history of 
tuberculous empyema. 





Fig. 4.—Chest radiograph shows bilateral congenital apical lung hernia- 
tion, greater on right side than on left. 


on chest radiographs or, more commonly, on lateral radio- 
graphs of the neck. These hernias almost always resolve 
spontaneously. Nonetheless, they may pose a problem during 
an attempt to establish a jugular or a subclavian IV line. 
Bidstrup et al. [3], in a report of 22 cases, found that the 
acquired cervical lung hernias were common. These occur in 
elderly people with chronic cough and emphysema in whom 
the deep cervical fascia becomes weakened and stretched, 
allowing the lung to protrude into the supraclavicular region 
[4]. Such herniation also may result from direct trauma, lifting 
heavy weights, or playing wind instruments [5]. These pa- 
tients have a supraclavicular bulge, which may enlarge when 
they cough or perform the Valsalva maneuver. Cervical her- 
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niation usually is shown best on lateral radiographs of the 
neck. 

Three of our patients had acquired intercostal hernias. Of 
these, two had tuberculous empyemas that had been drained 
by chest tubes. The hernia in the third was caused by trauma. 
Intercostal hernias result from a decreased resistance of the 
thoracic wall, abnormally high intrathoracic pressure, or both. 
The spontaneous variety is uncommon. They occur most 
often in the parasternal region, where the externa! intercostal 
muscle is lacking. Posteriorly, although the interna! intercostal 
muscle is deficient, the paraspinal muscles afford adequate 
resistance to lung herniation. Although abnormally high intra- 
thoracic pressures have been implicated as the cause in 
weightlifters and in musicians who play wind instruments, 
decreased thoracic wall resistance may be responsible for 
lung herniation in patients with developmental or acquired 
defects of the chest wall. Acquired intercostal hernias are 
usually posttraumatic or pathologic as a consequence of an 
inflammatory process, such as tuberculous empyema or em- 
pyema necessitus. Posttraumatic intercostal hernias have 
been reported to occur either immediately after trauma or 
after a delay of months or years [6, 7]. The hernia does not 
pose a serious threat unless it undergoes incarceration and 
strangulation with resultant hemoptysis and pain at the site 
of the herniation [1]. The uncomplicated hernia may present 
as a soft crepitant bulge that may enlarge with deep inspira- 
tion or coughing. CT not only helps to detect the hernia, it 
helps in assessing the exact location and size of the defect. 
In case of an intercostal hernia, routine chest radiography 
may fail to show the abnormality, unless the hernia is at a 
true tangent to the X-ray beam. Intercostal hernia is treated 
with surgery, particularly if strangulation occurs [1]. 

Diaphragmatic lung hernia is particularly rare; only cne case 
has been reported [6]. Such herniation is unlikely because of 
the high intraabdominal pressure which, in fact, fecilitates 
herniation of the abdominal contents into the chest. 

In conclusion, lung hernias are uncommon clinical entities. 
High intrathoracic pressure or reduced resistance of the tho- 
racic wall is usually the cause. Identification and characteriza- 
tion of lung hernias require correlation with patient's occupa- 
tional history and a potential predisposing condition. Although 
lung hernias usually do not cause problems, knowledge of 
their presentation on either neck or chest radiographs or CT 
scans may avoid complications that may arise from insertion 
of subclavian venous catheters. 
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Videotape Review 





RSNA Today, Vol. 3, No. 2. Oak Brook, IL: The Radiological Society of North America, 1989. $75; by subscription, 
4 issues annually at $225 for RSNA members and $275 for nonmembers (VHS videotape) 


The review of a continuing education videotape is different in some 
respects from a review of a book or other printed material, as 
videotape and printed material each have inherent advantages and 
disadvantages. Volume 3, number 2 of RSNA Today, which covers 
the topics of biliary lithotripsy, diagnosis of pituitary microadenomas 
and adenomas, and performing the barium enema examination, is an 
example of some things that videotaped education does well, and 
not so well. 

The segment on biliary lithotripsy features H. Joachim Burhenne 
and William E. Torres discussing their preliminary clinical experiences 
with biliary lithotripsy. The segment is moderated by William Cassa- 
rella. Dr. Burhenne heads the Department of Radiology at the Uni- 
versity of British Columbia and directs a clinical test site for a 
lithotripter marketed by Siemens Corp. (Lithostar, Siemens, Erlangen, 
West Germany). Dr. Torres directs biliary lithotripsy at Emory Univer- 
sity, a Clinical test site for the lithotripsy unit produced by Dornier Co. 
(MP-9000, Dornier, Munich, West Germany). Burhenne and Torres 
discuss the differences and similarities of their equipment and their 
Clinical protocols and compare their results. Several issues are ad- 
dressed, including the original experience in Germany; the Canadian 
experience, in which oral bile acid therapy is not used; and the Emory 
protocol, which evaluates the usefulness of oral bile acid therapy. 
This segment covers the basic principles of biliary lithotripsy well and 
discusses many of the emerging issues. Moreover, this segment is 
an example of what videotaped education does well: allowing an 
interchange of ideas and opinions between participants. This type of 
interaction provides an interesting and informative educational expe- 
rience. Coupled with high-quality graphics in the segment, and inter- 
cut with videotape of patients undergoing biliary lithotripsy, it results 
in excellent coverage of the topic. The only drawback to this segment 
is that radiographs are reproduced poorly on videotape. Thus, the 
plain films shown by the participants to demonstrate gallstones are 
poorly reproduced. 

The second segment is a comprehensive discussion of the diag- 
nosis of pituitary microadenomas and adenomas made on the basis 
of MR imaging. The discussants are Thomas Hans Newton and David 
Norman, both of the University of California, San Francisco. This 
segment is a more traditional lecture on the topic, including standard 
slide images. As such, it is perhaps less interesting as a videotape 


presentation. In general, the reproduction of radiographs is poor. 
Although the MR images are of excellent quality, the contrast and 
spatial resolution are severely limited by the videotape technology. 

Segment three presents David Gelfand of Bowman-Gray Medical 
School discussing his approach to the barium enema. This topic is 
ideal for videotaped education because much of the presentation is 
a “how to do it” discussion by Dr. Gelfand. The ability to demonstrate 
at the fluoroscopic table the technical points and “pearls” of perform- 
ing the barium enema, both single and double-contrast, allows the 
feeling of a one-on-one fellowship between the viewer and the pre- 
senter. This type of material can be taught effectively by using 
videotape techniques. This segment, for example, would be an ex- 
cellent session for residents to review before beginning their 
fluoroscopy rotations. It would also be an excellent segment for 
technologists as it covers many details of barium mixtures, equip- 
ment, positioning, and rationale for maneuvers done during the ex- 
amination. Once again, however, the actual radiographs are poorly 
reproduced. 

In summary, this volume of RSNA Today is a useful educational 
experience. The three segments present acknowledged experts who 
have a great deal of clinical and teaching experience. The second 
segment follows the more traditional lecture format and therefore, in 
my opinion, does not use the strengths of the videotape format. The 
first and third segments seem to exploit the strengths of videotaped 
education, largely because tne topics lend themselves better to 
discussion outside the traditional lecture format. 

| recommend this tape highly to all radiologists. The segment on 
biliary lithotripsy is an excellent up-to-date discussion of the issues, 
the information about pituitary microadenomas and adenomas is 
comprehensive, and the third segment is the best single source 
describing the performance of the barium enema that | have encoun- 
tered. This volume of RSNA Today continues the tradition of high- 
quality educational efforts produced by the Radiological Society of 
North America and is a worthwhile addition to the continuing educa- 
tional programs of most radiologists. 


Robert A. Clark 
H. Lee Moffitt Cancer Center and Research Institute 
Tampa, FL 33682-0179 
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Pictorial Essay 





CT of Blunt Chest Trauma 


Scott R. Kerns’ and Spencer B. Gay 


Although CT is the examination of choice in trauma of the 
head and abdomen, its role in the evaluation of blunt chest 
trauma is still evolving. We compared anteroposterior supine 
chest radiographs with chest and abdominal CT scans ob- 
tained over a 2-year period in victims of major trauma. CT 
proved useful in diagnosing unsuspected chest injuries, show- 
ing their full extent, and directing specific interventions to 
immediately optimize patient care. 


Chest Wall Injuries 


Rib fractures occur in 56% of patients with major blunt 
chest trauma, but many of these fractures are not shown on 
the initial radiograph [1]. CT not only can show rib fractures 
but also reveals complications such as hemothorax and pneu- 
mothorax (Fig. 1). 





A 


Fig. 1.—51-year-old patient who fell 40 ft (12.2 
m). CT scan shows slightly displaced rib fracture 
(arrow) and associated hemopneumothorax. Thor- 
acostomy tube passing through chest wall can 
simulate a rib fracture (arrowhead). 


Fig. 2.—33-year-old patient with anterior chest pain after hitting steering wheel. 

A, Radiograph shows asymmetry of medial ends of clavicles, suggesting sternoclavicular dislo- 
cation. Superior mediastinum is widened. 

B, CT scan shows asymmetry is due to displaced sternal fracture (arrow). A retrosternal hematoma 
is present (arrowhead). Aortography findings were normal. 
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Sternoclavicular dislocation and sternal fractures may be 
associated with injury to the heart, great vessels, or trache- 
obronchial tree. Unlike the supine radiograph, CT can show a 
retrosternal hematoma (Fig. 2). Although injuries to the heart, 
great vessels, or tracheobronchial tree are not necessarily 
associated with a retrosternal hematoma, identification of a 
hematoma may allow earlier diagnosis and treatment of these 
injuries. 

Serious thoracic spine injuries can complicate chest trauma 
but may produce only minor abnormalities on the chest radio- 
graph. CT not only shows the presence and extent of a spinal 
injury, it also predicts the degree of instability produced, and 
can show bony fragments in the neural canal (Fig. 3). 

Scapular fractures are overlooked or obscured on the chest 
radiograph in as many as 35% of patients [2]. Injuries severe 
enough to fracture the well-protected scapula usually produce 
other injuries, such as rib fractures, pneumothorax, hemo- 
thorax, and pulmonary contusion. The axial orientation of CT 
makes it more sensitive than radiographs in identifying scap- 
ular fractures and associated injuries (Fig. 4). 
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Pleural Space Injuries 


Pneumothorax ranks second only to rib fracture as the 
most common injury in blunt chest trauma [1]. A small anter- 
omedial or subpulmonic pneumothorax easily may escape 
radiographic detection. The presence of even a small pneu- 
mothorax is important because artificial ventilation may cause 
it to enlarge and possibly become a tension pneumothorax. 
CT identifies twice as mamy pneumothoraces as the supine 
radiograph because CT can detect a free pleural edge without 
the need for an X-ray beam to be tangential to this edge (Fig. 
5) [3]. 

Hemothorax is the most common cause of shock in blunt 
chest trauma [1]. Blood layers posteriorly in the pleural space 
in the supine patient and produces a nonspecific density on 
conventional radiographs. Axial CT images accurately identify 
and estimate the volume of a hemothorax (Fig. 6). A large 
hemothorax requires drainage via a thoracostomy tube to 
improve ventilation and avoid formation of an empyema. 


Fig. 2 —27-year-old patient with traumatic par- 
aplegia. 

A, Radiograph appears unremarkable except 
for lower thoracic paravertebral soft-tissue swell- 
ing (arrows). 

B, CT scan shows comminuted vertebral frac- 
ture with paraspinal hematoma and bilateral hem- 
othoraces. Note retropulsed fragment in neural 
canal (arrow). 


Fig. 4.—25-year-old patient with pain in left side 
and back after motor vehicle accident. 

A, Rediograph shows multiple left rib fractures 
and pulmonary contusion, but part of left scapula 
is obscured by ribs and ECG electrode. 

B, CT scan shows comminuted scapular frac- 
ture (arrow). 
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Fig. 5.—29-year-old patient with soft-tissue crepitus after motor vehicle accident. Fig. 6.—46-year-old patient with back injury and 

A, Radiograph shows extensive subcutaneous emphysema in neck and chest wall. dropping hematocrit. CT scan shows a large left 

B, CT scan shows bilateral radiographically occult pneumothoraces (arrows). Note subcutaneous hemothorax and smaller right hemothorex layering 

emphysema dissecting along fascial planes. posteriorly; both required drainage with thoracos- 
tomy tubes. 


Fig. 7.— 18-year-old patient after placement of 
multiple thoracostomy tubes. 

A, Radiograph shows that a left pneumothorax 
(arrows) persists despite apparent adequate 
placement of tubes. 

B, CT shows that tubes have been placed pos- 
teriorly and cannot drain anterior pneumothorax, 
which is now under tension as evidenced by me- 
diastinal shift. Subsequent placement of an ante- 
rior tube evacuated the pneumothorax. 


Fig. 8.—65-year-old patient with onset of fever 
and leukocytosis 2 weeks after chest injury. 

A, Radiograph shows kinked right thoracostomy 
tube, which was not draining right pleural fluid 
collection. 

B, CT scan shows kinked tube anterior to locu- 
lated pleural fluid collection, which has an enhanc- 
ing rim. Purulent material and old blood were ob- 
tained with CT-guided placement of catheter. 
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Supine radiographs diagnose only 5% of malpositioned 
thoracostomy tubes when compared with CT [4]. Malposi- 
tioned tubes may leave residual anterior pneumothoraces 
(Fig. 7), which may enlarge with artificial ventilation, or pos- 
terior hemothoraces, which may become infected (Fig. 8). CT 
can assist in redirecting an existing tube or in the correct 
placement of an additional tube. 


Pulmonary Injuries 


Pulmonary. contusion occurs when local compressive 
forces cause intraalveolar hemorrhage. Adjacent rib fractures 
are often seen, more commonly in adults than in children. CT 
shows pulmonary contusion as scattered, fluffy parenchymal 
densities subjacent to the area of trauma (Fig. 9). An estima- 
tion of the extent of contusion is clinically significant because 
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it is related to the degree of posttraumatic respiratory insuf- 
ficiency. 

Atelectasis occurs because of hypoventilation from splint- 
ing, adjacent hemothorax, retained secretions, or aspirated 
debris. Atelectasis also complicates contusion because blood 
in the alveoli deactivates surfactant. Determining the presence 
and degree of atelectasis is important because the atelectatic 
lung is prone to infection (Fig. 10). 

Shearing forces cause pulmonary laceration with the im- 
mediate formation of blood- or air-filled cavities (Fig. 11). Early 
detection of pulmonary laceration can prevent it from later 
being confused with the delayed cavitation of a lung abscess 
caused by infected contusion, atelectasis, or aspiration pneu- 
monitis. 

Intraparenchymal placement of a thoracostomy tube may 
occur during resuscitation efforts (Fig. 12). In this intraparen- 





Fig. 9.—30-year-old patient with increasing 
dyspnea after blow to right chest. CT scan shows 
multiple alveolar densities consistent with pul- 
monary contusion. Characteristic peripheral lo- 
cation indicates site most affected by local com- 


pressive forces produced during blunt trauma. graph. 





Fig. 10.— 16-year-old patient after motor ve- 
hicle accident. CT scan shows peripheral, 
pleura-based density due to atelectasis. Be- 
cause of its position in posterior costophrenic 
sulcus, density was not seen on supine radio- 





Fig. 11.—21-year-old patient after fall. CT scan 
shows anterior pneumothorax and large area of 
pulmonary contusion and atelectasis posteriorly. 
Additional small pulmonary laceration is seen as 
air-containing cavity within focal area of contused 
parenchyma (arrow). 


Fig. 12.—33-year-old patient after placement of 
thoracostomy tube. 

A, Radiograph shows tube arcing through right 
hemithorax but is otherwise unremarkable. 

B, In addition to anterior pneumothorax (arrow- 
heads), CT scan indicates that tube passes into 
pulmonary parenchyma. Note pulmonary vessels 
passing under arc of tube (arrow), proving it is not 
within a fissure. 
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Fig. 13.—16-year-old patient after high-speed 
car accident. CT scan shows extensive bilateral 
pulmonary contusions and hemothoraces, which 
dominate anterior pneumomediastinum (arrows). 
Left subcutaneous emphysema occurred after 
placement of thoracostomy tube for pneumotho- 
rax. Bronchoscopy was normal. 


Fig. 15.—69-year-old obese woman with spine 
injury. 

A, Radiograph of supine patient shows wid- 
ened, poorly defined superior mediastinum with 
small bilateral apical caps. Radiograph of patient 
in upright position was unobtainable because of 
spine injury. 

B, CT scan shows that mediastinal widening is 
due to excessive mediastinal fat (arrows) and 
medially located hemothorax (arrowhead). Be- 
cause clinical concern regarding aortic laceration 
remained high, aortography was performed, and 
findings were normal. 


A 


chymal location, the tube fails to function and, if it is not 
removed, a bronchopleural fistula may develop [4]. 


Mediastinal Injuries 


Although many cases of pneumomediastinum are due to 
dissection of air along the bronchovascular bundle from the 
alveoli to the mediastinum, pneumomediastinum may be 
caused by tracheobronchial or esophageal disruption. Occa- 
sionally CT will detect pneumomediastinum not shown radio- 
graphically. Although the majority of these patients do not 
have tracheobronchial or esophageal disruption, the presence 
of pneumomediastinum along with a high clinical suspicion of 
disruption may indicate the need for bronchoscopy, endos- 
copy, or contrast esophagography (Fig. 13). 


Fig. 14.—31-year-old patient with complete T12/L1 dislocation anc paraplegia. 

A, Radiograph shows widened left paraspinal line (arrows) and questionably widened superior 
mediastinum. 

B, CT scan confirms mediastinal hematoma (arrows) along with small bilateral hemethoraces. 
Findings on aortography, performed to exclude concurrent aortic laceration, were normal. Mediastinal 
hematoma was presumed to be due to venous hemorrhage. 





Arterial or venous bleeding from local great vessel njury or 
adjacent injuries may produce a mediastinal hematoma. If the 
clinical suspicion of aortic laceration is high, aortography is 
the diagnostic test of choice. If Suspicion is low but the 
radiograph suggests the presence of a mediastinal hema- 
toma, findings on CT can confirm or exclude a mediastinal 
hematoma (Fig. 14). Aortography may be avoided if CT find- 
ings suggest another cause of mediastinal widening, such as 
excessive mediastinal fat, hemothorax collecting medially (Fig. 
15), or atelectatic lung adjacent to the mediastinum (Fig. 16). 

Hemopericardium is usually caused by venous hemorrhage 
but also can be caused by cardiac injury. CT can detect 
hemopericardium before the onset of pericardial tamponade 
when the anteroposterior supine radiograph suggests en- 
largement of the cardiac silhouette (Fig. 17). 
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Fig. 16.— 16-year-old patient run over by a car. Fig. 17.— 19-year-old hemophiliac patient who 
A, Radiograph shows widened, poorly defined superior mediastinum, bilateral apical pleural caps, hit steering wheel during low-speed motor vehicle 
and elevation of minor fissure (arrows). accident 2 days before presentation. Anteropos- 


B, CT scan shows that apparent mediastinal widening is actually caused by atelectasis of right terior supine radiograph suggested enlargement 
upper lobe (arrows). No mediastinal hematoma was present, and aortography was not performed. of cardiac silhouette. CT scan shows large peri- 
The patient recovered uneventfully. cardial fluid collection. At pericardiocentesis ap- 

proximately 11! of blood was obtained, thought to 
be due to venous hemorrhage. 
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Dysphagia Due to Mediastinal 
Fibrosis in Advanced Pulmonary 
Tuberculosis 





Dysphagia in patients with pulmonary tuberculosis may be due to tuberculous esoph- 
agitis or compression of the esophagus by enlarged mediastinal lymph nodes or 
mediastinal fibrosis. We studied the clinical and radiologic findings in nine patients with 
advanced pulmonary tuberculosis who presented with dysphagia. In each patient, 
dysphagia first occurred while the patient was on antituberculous therapy. Chest radio- 
graphs in each case showed extensive tuberculous disease of the lung, affecting 
especially the left upper lobe. In addition, dense mediastinal pleural fibrosis was seen 
along the medial aspects of the upper thorax. Tomograms did not show mediastinal 
lymph node enlargement. Barium esophagograms showed extrinsic compression and 
various degrees of narrowing of the supracarinal part of the esophagus. No mucosal 
abnormality was seen on esophagoscopy. On the basis of these findings, the compres- 
sion of the esophagus in these patients was attributed solely to tuberculous mediastinal 
fibrosis. The dysphagia remained constant in all patients except one, in whom worsening 
dysphagia improved after balloon dilatation. 

We conclude that mediastinal fibrosis is a significant cause of dysphagia in patients 
with advanced pulmonary tuberculosis. 
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Tuberculosis is an important cause of chronic mediastinitis. Although most 
patients are asymptomatic, symptoms due to compression of the superior vena 
cava, the esophagus, and the tracheobronchial tree have been reported [1]. In a 
review of 103 cases of chronic granulomatous mediastinitis, Schowengedt et al. 
[1] found nine cases with esophageal compression. We studied nine patients with 
advanced pulmonary tuberculosis who presented with dysphagia. In each patient, 
dysphagia was due to compression of the esophagus caused by fibrosing medi- 
astinitis due to tuberculosis. 


Subjects and Methods 


Nine patients (seven men, two women) between the ages of 30 and 60 years (mean age, 
47 years) were included in the study. All patients had microbiologically proved pulmonary 
tuberculosis; all developed dysphagia while undergoing treatment with antituberculous drugs 
for 2-6 months (mean, 3.2 months). The duration of the dysphagia ranged from 15 days to 
4 months (mean, 2.1 months). 

All patients underwent upper gastrointesinal endoscopy, chest radiography, and barium 
esophagography. 


Results 


Upper gastrointestinal endoscopy showed extrinsic compression of the esopha- 
gus without mucosal abnormality in all nine patients. The endoscope could not be 
passed beyond the narrowing in two patients. 
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Chest radiographs in all patients showed extensive bilateral 
cavitary disease of the lungs, mainly in the upper and mid 
zones. A constant feature of all chest radiographs was mas- 
sive thickening of the pleura, especially along the mediastinal 
aspect and mainly on the left side (Fig. 1A). 

Barium esophagograms showed various degrees of 
compression of the supracarinal portion of the esophagus 
(Fig. 1B). No mucosal abnormality was seen. The maximal 
length of the compression was 7 cm (Fig. 2). The degree of 
narrowing was never more than 60% (Fig. 3). Esophageal 
peristalsis was poor in the affected segment. None of the 
patients had significant dilatation of the esophagus proximal 
to the narrowing. 


Discussion 


Dysphagia in tuberculosis can be due to several causes, 
including intrinsic esophageal involvement with tuberculosis 
or compression of the esophagus caused by tuberculous 
mediastinal lymph nodes [2]. In addition, mediastinal fibrosis 
resulting from tuberculosis can produce compression and 
dysmotility in the esophagus, leading to dysphagia. That 
mechanism has received only sparse attention in the literature 
[2, 3]. On the basis of our experience, we believe that fibrosing 
mediastinitis is the most common reason for dysphagia in 
adult patients with advanced pulmonary tuberculosis. 

In our patients, the disease occurred more frequently in 
men than in women (4:1); the patients were in their forties at 
the time of presentation. All patients had extensive pulmonary 
tuberculosis. In each case, dysphagia appeared while the 
patients were undergoing antituberculous treatment, sug- 
gesting that fibrosis due to healing was causing esophageal 
compression. None of the antituberculous drugs is known to 
produce esophagitis. 

In all our patients, the pulmonary disease affected the upper 





AJR:154, January 1990 


Fig. 1.—42-year-old man with active 
pulmonary tuberculosis and dysphagia. 

A, Chest radiograph shows exten- 
sive fibrocavitary tuberculosis in left 
upper lobe. Note dense pleural thick- 
ening and mediastinal fibrosis (arrow- 
heads). 

B, Barium esophagogram shows 
esophageal compression (arrowhead). 





2 


Fig. 2.—32-year-old man with pulmonary tuberculosis and dysphagia. 
Barium esophagogram shows compression of esophagus (arrowheads). 
Note adjacent pleural thickening (arrow). 


Fig. 3.—Barium esophagogram of a 38-year-old woman with pulmonary 
tuberculosis and dysphagia. Note long segment of narrowing in esophagus 
(arrowheads). 


lobes most severely and the left side was involved more than 
the right side. In addition, the posterior segments of the upper 
lobes were involved most extensively. This predominant in- 
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volvement of the posterior segment of the left upper lobe 
explains the compression of the esophagus and the absence 
of superior vena caval obstruction, although the latter is more 
common in mediastinal fibrosis [1]. The limitation of pulmo- 
nary disease to the upper lobes explains the sparing of the 
lower third of the esophagus in all of our patients. 

The pattern of compression produced on the barium eso- 
phagograms was constant and characteristic. The disease 
was restricted to the supracarinal segment of the esophagus 
in each case. The compression involved a short segment with 
smooth, tapering margins. Absence of mucosal abnormality 
and mass effect was characteristic. Most of the patients had 
modest strictures (<60%) with delay in passage only of a 
semisolid bolus of barium. Absence of peristalsis in the af- 
fected segment of the esophagus also contributed to dys- 
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phagia. The radiologic appearances of the strictures could 
mimic benign strictures due to other causes (e.g., Barrett 
esophagus and esophagitis caused by radiation, caustic 
ingestion, oral medication, and opportunistic infection). How- 
ever, the exclusively supracarinal involvement, the p-esence 
of normal mucosa, and the associated pleuropulmonary 
changes should allow a correct diagnosis in each case. 
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Book Review 





Radiology of Occupational Chest Disease. Edited by A. Solomon and L. Kreel. New York: Springer-Verlag, 212 


pp., 1989. $85 


This publication consists of 10 chapters by various authors; four 
of the chapters were written by nonradiologists. One of the editors, 
Dr. Solomon, is a coauthor of the chapter on the radiologic features 
of silicosis. Dr. Kreel, the other editor, who has contributed frequently 
to the radiology of asbestos-related diseases, did not write any of 
the chapters. 

The first chapter, “Radiography of Occupational Diseases,” con- 
tains a good summary of the techniques required for the detection of 
pneumoconiosis, with particular emphasis on high-kilovoltage tech- 
niques for optimal chest radiography. The frequently encountered 
problem of malalignment of focused grids causing loss of resolution 
and detail and resulting in erroneous interpretations is emphasized 
rightfully. The same author presents the second chapter, which 
explains the classification of radiographs according to the system of 
the Canadian International Labour Office in a succinct and unambig- 
uous manner. He properly emphasizes that unexposed populations 
frequently may have features due to other diseases, causing nonspe- 
cific changes on the radiograph, that often are classified erroneously 
as pneumoconiosis. 

Although the matter of smoking causing changes seen on radio- 
graphs is mentioned briefly in a preface by Dr. Irving Selikoff, it is not 
dealt with sufficiently in the text. It is discussed superficially in a 
chapter devoted to radiographic features of coal workers’ pneumo- 


coniosis. This confounding factor, both radiographically and clinically, 
should have received more detailed attention. Inhalation of welders’ 
fumes is treated as “welders’ siderosis,” but other problems caused 
by various types of welding fumes are not discussed. Three chapters 
devoted to nonradiologic features of occupational chest diseases, 
including clinical and functional aspects of occupational asthma, are 
good summaries. 

Medical students, radiology residents, residents in pulmonary med- 
icine, and all physicians interested in the radiographic changes as- 
sociated with pneumoconioses should find this book valuable, before 
consulting the now well-known and more detailed texts that already 
have been published on the subject. The index is brief, and the 
references are generally acceptable. The book does contain excellent 
photographs and illustrations. The organization and style are good. 
However, the text is at best a superficial summary of radiographic 
changes caused by occupational diseases. Notwithstanding its defi- 
ciencies, the book could be useful to those who require a short and 
ready reference. 


E. Nicholas Sargent 
University of Southern California, School of Medicine 
Los Angeles, CA 90033 
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Case Report 





Malignant Fibrous Histiocytoma of the Lung in a Patient 
with a History of Asbestos Exposure 


Andrew C. Reifsnyder,'’* Herbert J. Smith,'? Thomas J. Mullhollan,? and Edward L. Lee? 


Malignant fibrous histiocytoma is one of the most common 
soft-tissue sarcomas in adults, usually occurring in the ex- 
tremities, retroperitoneum, and trunk [1]. Metastasis to the 
lung is common; however, primary malignant fibrous histio- 
cytoma in the lung is extremely rare. We report a case of 
primary malignant fibrous histiocytoma in the lung and review 
the clinical and radiographic findings. To our knowledge, the 
present case is the first documentation of pulmonary malig- 
nant fibrous histiocytoma in a patient with a history of asbes- 
tos exposure. 


Case Report 


A 49-year-old man presented with chief complaints of fatigue for 
2-3 months and hemoptysis for 7-8 months. The patient had smoked 
3-4 packs of cigarettes per day for 35 years and was exposed to 
asbestos during military service 30 years ago. 

Physical examination was unremarkable. Chest radiographs made 
on admission showed a noncalcified mass in the right lower lobe of 
the lung and bilateral pleural plaques (Fig. 1A). Chest CT showed a 
large, noncalcified mass in the right lung base with central areas of 
lower attenuation (Fig. 1B). Pleural plaques (some calc fied) were 
present throughout the thorax. Normal-sized lymph nodes were seen 
in the mediastinum. Fine-needle aspiration of the mass revealed 
Squamous Cell carcinoma. A technetium-99m methylene diphospho- 
nate (°°"Tc-MDP) bone scan failed to show bone metastases. How- 
ever, increased soft-tissue uptake was present in the right lung base 
(Fig. 1C). 

A right thoracotomy with middle and lower lobectomy was per- 
formed. No chest wall or diaphragmatic invasion was found. Biopsy 
of the pleural plaques revealed hyalinized fibrous scar, and no neo- 
plasia was identified in the lymph nodes. Microscopic and ultrastruc- 
tural studies (including immunocytochemical stains) of the mass 
revealed a poorly differentiated mesenchymal neoplasm consistent 


with the malignant fibrous histiocytoma. Because of the history and 
radiographic manifestations of asbestos exposure, epithelial tumors 
and malignant mesothelioma were considered, but were unquestion- 
ably excluded. 


Discussion 


Reports of malignant fibrous histiocytoma were first pub- 
lished in 1964 by O’Brien and Stout as cited by Weiss and 
Enzinger [1]. The tumor is of histiocytic origin, and -ecent 
Studies suggest fibroblastic differentiation [2]. The tumor 
most commonly arises in the extremities or retroperitoveum. 
Malignant fibrous histiocytoma is now believed to be the most 
common soft-tissue sarcoma in adults. The first case -eport 
of primary pulmonary malignant fibrous histiocytoma was 
made in 1979; only 16 unequivocal cases of primary malignant 
fibrous histiocytoma in the lung have been reported to date 
[3]. Primary lung sarcoma is uncommon, reported once in 
every 500 cases of lung cancer. Leiomyosarcoma and fibro- 
sarcoma are the most common reported lung sarcomas, 
followed by malignant fibrous histiocytoma. 

Our patient's chief complaints were hemoptysis and fatigue. 
Of the reported cases, two other patients had hemoptysis 
and none had fatigue as a presenting complaint. The most 
common complaints were cough, chest pain, dyspnea, and 
weight loss. Five patients were asymptomatic [2, 3]. The 
mean age in the series of McDonnell et al. [3] was 58.6 years. 
Of cases in which a smoking history was determined, 50% of 
patients had a history of smoking. One patient had a history 
of irradiation and chemotherapy for cervical, mediastinal, and 
abdominal lymphoma [2]. Our patient is the only case reported 
with a history and radiographic manifestations of exposure to 
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Fig. 1.—A, Posteroanterior chest film shows a large mass (arrows) at right 
posterior lung base. No pleural effusion or mediastinal adenopathy is identified. 

B, CT scan through lung bases shows mass with central areas of lower attenua- 
tion. Note pleural plaques (arrow). 

C, Posterior bone scan of chest obtained 3 hr after IV injection of *™Tc-methylene 
diphosphonate shows markedly increased activity at right lung base in region of 
tumor. 





asbestos. No causal association between smoking or expo- 
sure to asbestos and the malignant fibrous histiocytoma has 
been described [4]. 

Radiographic descriptions of 20 cases of primary pulmo- 
nary malignant fibrous histiocytoma are available in the liter- 
ature [2, 3]. In 15 of 20 cases, a solitary pulmonary mass or 
nodule was found on chest radiographs. Two patients had 
bilateral masses, and two had pulmonary infiltrates [2, 3, 5]. 
No predilection for right or left lung was found. Over half of 
the tumors involved the lower lobes, and 70% were described 
as peripheral [2, 3]. Although calcification has not been re- 
ported in adults, Ismailer et al. [6] showed punctate calcifi- 
cations with CT in a single pediatric patient. Twenty percent 
of patients have had ipsilateral pleural effusion, including a 
patient who had a right pleural effusion and obliteration of the 
right border of the heart [2, 3]. At surgery, primary pulmonary 
malignant fibrous histiocytoma with pulmonary arterial and 
left atrial invasion was found. 

Three hours after IV injection of °°"Tc-MDP, the bone scan 
of our patient showed increased soft-tissue activity at the 
right lung base, with close correlation to the mass seen on 
the chest radiographs. Ros et al. [5] reported the radionuclide 
findings in 10 cases and found increased uptake of radio- 
nuclides (including °°"Tc-MDP) by this tumor in all cases. It is 
not clear whether any of these 10 cases were primary malig- 
nant fibrous histiocytoma in the lung. Mackey et al. [7] re- 
ported uptake of MDP and gallium by malignant fibrous histio- 
cytoma in the lower extremity. Of the reported cases, four 
patients with primary malignant fibrous histiocytoma in the 
lung had radionuclide bone scans [2, 3]. Specific radiophar- 
maceuticals were not described, and no abnormalities were 
reported. Uptake of phosphate bone agents by tumors is 
uncommon but occurs in some lung carcinomas and other 
tumors—especially those that produce mucin [8]. 

On CT scans, malignant fibrous histiocytoma usually ap- 
pears as a mass of soft-tissue density with or without central 
areas of lower attenuation [5]. Chest and abdominal CT are 
helpful in delineating involvement of the mediastinum, detect- 





ing subdiaphragmatic extension, and/or identifying primary 
retroperitoneal tumor. 

Treatment is surgical resection with or without adjuvant 
radiation and/or chemotherapy. The prognosis of primary 
malignant fibrous histiocytoma in the lung is grim. In the series 
by McDonnell et al. [3], only two of 16 patients were alive 
after 5 years. They report clinically or autopsy-proved metas- 
tases in 69% of their patients. Our patient had surgical 
resection of the mass and is clinically free of disease 10 
months later. 

Pulmonary metastases are common in cases of malignant 
fibrous histiocytoma arising outside the thorax. In one large 
series by Weiss and Enzinger [1], 42% of patients developed 
distant metastases and 82% of those were to the lung. 
However, only one of their 200 cases had a pulmonary lesion 
before the primary source was found. Nevertheless, in a 
patient with suspected primary malignant fibrous histiocytoma 
in the lung, a careful search for tumor elsewhere must be 
made to ensure that the known pulmonary lesion is not a 
metastasis. 
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Case Report 





Differentiation of Radiation Fibrosis from Recurrent 
Neoplasia: A Role for *'P MR Spectroscopy? 


H. Cecil Charles,’ Mark E. Baker,’ James W. Hathorn,? and Dirk Sostman' 


Recent reports have suggested that recurrent tumors can 
be differentiated from posttreatment fibrosis by use of T2- 
weighted MR imaging [1-5]. Fibrosis has been shown to have 
low signal intensity on such images [1-5] and to be distin- 
guishable statistically from recurrent tumor on this basis [4, 
5]. Fibrosis in patients 1 year or more after therapy, in 
particular, has been well differentiated from recurrent tumor 
[5]. However, not all authors have reported such good results 
[6], and it appears that other abnormalities such as inflam- 
mation and necrosis can produce changes on MR images 
that are indistinguishable from recurrent tumor [3, 5, 6]. The 
metabolic information provided by °'P MR spectroscopy 
seems potentially useful in differentiation of recurrent tumor 
from nonneoplastic entities. We report a case that exemplifies 
this possibility. 


Case Report 


A 35-year-old woman presented with Signs and symptoms of acute 
obstruction of the superior vena cava. The history included Hodgkin 
disease treated with mantel, orthovoltage, external radiation 22 years 
earlier and a modified right radical mastectomy for breast carcinoma 
5 years earlier. The patient had chronic lymphedema in the right arm, 
erythematous and telangiectatic skin changes over the anterior chest 
wall, a chronic draining sinus over the right sternoclavicular joint, and 
frequent upper respiratory infections. Approximately 2 months before 
the current admission, a CT scan of the right sternoclavicular joint 
had shown changes consistent with radiation osteitis. Aspiration of 
the joint revealed no crystals but was positive for Peptostreptococcus. 
Treatment with oral clindamycin resulted in decreased pain and 
drainage from the sinus. In addition, this CT scan showed a confluent 
anterior mediastinal soft-tissue Opacity extending into the right apex 
and pleura. This was interpreted as most consistent with radiation 
fibrosis. 
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A contrast-enhanced CT scan obtained on admission showed 
bilateral pleural effusions and soft-tissue changes in the mediastinum, 
right apex, and chest wall, most consistert with radiation fibrosis but 
not excluding tumor or infection (Fig. 1A). MR imaging showed near 
total obstruction of the superior vena cava above the azygos vein 
and a diffuse soft-tissue abnormality in the Superior mediastinum (Fig. 
1B). The signal characteristics on the long TR/TE pulse sequences 
Suggested that this might be acute inflammation or recurrent tumor 
rather than fibrosis. 

Because of this uncertainty, °'P MR spectroscopy was performed 
after obtaining informed consent. The study was performed cn a 1.5- 
T imaging system by placing a 6-cm-diameter °'P surface coil on the 
anterior chest wall at a level guided by proton imaging and with the 
aid of orthogonal laser positioning devices. One-dimensional gradient 
phase-encoded localization (chemical-shift imaging) [7, 8] was used 
to generate a series of 1-cm-thick “voxels” (32-cm field of view, 32 
slices) parallel to the surface coil with diameter determined by the 
receptivity profile of the surface coil (~6 cm). The TR for the phos- 
phorus study was 1500 msec and the Study time was 25 min 
(shimming, 5 min; coil change to °'P, 2 min: prescan/whole volume 
acquisition, 6 min; scanning time, 12 min’. Use of the chemical-shift 
imaging technique allows accurate Spatial mapping of the phosphorus 
data to the proton image. Low signal intensity for the whole volume 
spectrum as well as the absence of detectable phosphomanoester 
resonances was inconsistent with neoplastic disease, and the study 
was interpreted as consistent with fibrosis (Figs. 1C ard 1D). The 
only marginally observable *'P signal in this patient is in the ragion of 
phosphodiesters and is of very low intensity. 

Continued clinical concern of an active infectious process or tumor 
prompted a CT-guided biopsy of the superior mediastium. No orga- 
nisms could be grown from the aspirated material. Analysis of pleural 
fluid revealed reactive mesothelium and inflammatory changes. The 
patient was treated with antibiotics and steroids for 1 month. She did 
not improve clinically and Subsequently underwent a thoracotomy 
with drainage of pleural effusions and multiple pleural and mediastinal 


This work was supported in part by U.S. Public Health Service grant NCI-RO1-43916. 
' Department of Radiology, Box 3808, Duke University Medical Center, Durham, NC 27710. Address reprint requests to D. Sostman. 


* Department of Medicine, Duke University Medical Center, Durham, NC 27710. 


AJR 154:67-68, January 1990 0361 -803X/90/1541-0067 © American Roentgen Ray Society 





biopsies. Pathologic evaluation showed fibrosis with acute and 
chronic inflammation and reactive mesothelium. No tumor was iden- 
tified. Subsequent cultures have grown no organisms. 


Discussion 


Preliminary results suggest that proton MR imaging is 
useful in at least some cases for differentiating tumor recur- 
rence from posttreatment fibrosis [1-5]. However, as the 
case described here and other reported cases [3, 5, 6] show, 
there are clinical situations in which this distinction cannot be 
made with currently used proton MR imaging methods. 
Edema, necrosis, granulation tissue, and inflammatory reac- 
tion all can produce changes on T2-weighted MR images that 
may prove indeterminate [3, 5, 6]. In addition, posttreatment 
fibrosis and recurrent tumor may coexist [5]. 

MR spectroscopy with observation of the °*'P nucleus, has 
been widely reported in experimental and clinical neoplasms, 
and characteristic spectral appearances of tumor have been 
described [9]. In particular, tumors typically show prominent 
phosphomonoester, phosphodiester, and inorganic phos- 
phate resonances. Little work has been published that de- 
scribes the °'P MR spectroscopic appearance of various 
abnormal, nonneoplastic tissues. One would theorize, and 
our experience indicates, that edema, necrosis, and fibrosis 
all should produce spectral features significantly different from 
neoplasia. In particular, we would expect generally low "P 
signal intensity and little phosphomonoester signal because 


Fig. 1.—A, CT scan shows confluent soft 
opacity (arrow) obliterating mediastinal fat. 

B, MR image, 2500/80, shows moderately 
high signal intensity (arrow) in mediastinum and 
chest wall, considered uncharacteristic of fibro- 
sis but consistent with inflammatory or neoplas- 
tic tissue. Pleural fluid is noted incidentally. 

C, Phase-encoded °'P MR spectroscopy data 
obtained from multiple 1-cm-thick voxels encom- 
passing patient’s superior mediastinum. Data 
are plotted from surface of chest (bottom spec- 
trum) into mediastinal region (upper spectra). 
Low intensity signals in the region of phospho- 
diester (PDE, arrow) occur in mediastinal region 
with little other coherent phosphorus signal. Ab- 
sence of large phosphomonoester (PME) and 
inorganic phosphate (Pi) resonances is consid- 
ered inconsistent with neoplastic disease. 

D, For comparison, phase-encoded °P MR 
spectroscopy data obtained from a normal sub- 
ject’s superior mediastinum. Acquisition and dis- 
play are identical to C. However, note well-re- 
solved adenosine triphosphate (ATP) and crea- 
tine phosphate (PCr) signals in chest wall and 
into mediastinum. 


—10 —20 PPM 


of the low cellular density and less rapid membrane turnover 
in fibrosis compared with neoplastic tissue. Hence, it may be 
possible to distinguish these entities from recurrent tumor as 
was done in this case. Numerous issues, such as the differ- 
ences between inflammation and fibrosis in the °'P spectrum, 
remain to be explored. 
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Case Report 





Effusion in the Superior Pericardial Recess Simulating a 
Mediastinal Mass 


Helen T. Winer-Muram' and Robert E. Gold 


The superior pericardial recess is a semicircular space 
Surrounding the ascending aorta, except where the aorta is 
in contact with the pulmonary artery. The most superior extent 
of this recess is at the level of the innominate artery. On the 
right side, it is continuous with a recess around the superior 
vena cava. It also communicates with the transverse sinus, 
which is situated between the posterior wall of the ascending 
aorta and the anterior aspect of the proximal right pulmonary 
artery [1]. When pericardial fluid fills these recesses, the 
appearance may simulate aortic dissection, mediastinal mass, 
or lymphadenopathy [2-4]. CT is a useful and important tool 
for establishing the correct diagnosis. 

We present a patient in whom chest radiographs showed 
a convexity at the level of the ascending aorta and right 
superior mediastinum. CT confirmed the presence of pericar- 
dial effusion filling the superior recess. 


Case Report 


The patient, a 68-year-old woman, had a history of tuberculosis 
involving the right upper lobe 25 years before this admission. She 
was referred for a CT scan of the chest for further evaluation of a 
newly diagnosed pulmonary nodule in the right upper lobe. 

The chest radiograph revealed a 1-cm nodule in the right upper 
lung. A convexity was seen at the right border of the heart superim- 
posed on the right hilum. This was thought to be adenopathy at the 
right hilum. Volume loss in the right upper lobe and right apical 
capping was considered as most likely caused by the previous 
tuberculous infection. The cardiac silhouette was enlarged without 
separation of the epicardial and substernal fat pads (Fig. 1A). 
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A CT scan of the chest showed a nonenhancing fluid collection in 
the superior pericardial recess, which caused the convexity at the 
right hilum (Fig. 1B). The fluid was continuous with fluid in the anterior 
and left lateral pericardial space. A noncalcified 1-cm nodule was 
noted at the superior segment of the right lower lobe. The nodule 
has not been sampled by biopsy or resected because the patient 
was lost to follow-up. 


Discussion 


The patient had pericardial effusion that disproportionately 
involved the superior recess of the pericardium. As a result, 
unusual chest radiographic findings were noted. The promi- 
nent convexity at the right border of the heart is the result of 
pericardial effusion in the superior pericardial recess. 

The typical radiographic manifestations of pericardial effu- 
sion include widened cardiac silhouette, a globular-shaped 
heart, increased separation of the epicardial and substernal 
fat planes, and differential density or lucency at the lateral 
border of the heart, usually on the left side [3]. In this case, 
because of the disproportionate distribution of the fluid within 
the pericardial space, the appearance on the chest radiograph 
was misleading, and the right mediastinal convexity was 
considered to be a mediastinal mass, ascending aortic aneu- 
rysm, or lymphadenopathy. 

In another patient, a 63-year-old woman with rheumatoid 
arthritis, the chest radiograph showed a prominent convexity 
at the right border of the heart superimposed on the hilum 
(Fig. 2A). This abnormality also was considered to be either 
a mediastinal mass, mediastinal lymphadenopathy, or an 
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aneurysm of the ascending aorta. The CT scan revealed an 
outpouching of pericardial fluid at the superior pericardial 
recess into the anterior mediastinum at the level of the right 
hilum (Fig. 2B). The fluid collection was continuous with a 
right pericardial fluid collection seen on other scans. The 
convexity disappeared on a follow-up chest radiograph ob- 
tained 3 weeks later. 
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Fig. 1.—A, Chest radiograph of up- 
right patient shows a right superior me- 
diastinal convexity at level of right 
hilum (arrowheads) and 1-cm nodule in 
right upper lung (arrow). Right upper 
lobe atelectasis and right apical pleural 
Capping are present. 

B, Contrast-enhanced CT scan 
shows anterior mediastinal fluid collec- 
tion in superior pericardial recess (as- 
terisk). Fluid to left of main pulmonary 
artery is also in superior pericardial re- 
cess. Fluid also is present in oblique 
sinus (arrowhead), indicating fluid in 
other pericardial spaces. 


Fig. 2.—A, Radiograph of upright pa- 
tient shows convexity superimposed 
on right hilum (arrowheads). Cardiac 
silhouette is enlarged and left costo- 
phrenic angle is blunted (not shown). 

B, Contrast-enhanced CT scan 
shows pericardial fluid collection at su- 
perior pericardial recess (asterisk), 
which accounts for convexity on chest 
radiograph. 


The CT and MR anatomy of the pericardial recesses, 
including the superior sinus, has been described [5, 6]. The 
major recesses are the superior, transverse, oblique, left 
pulmonic, postcaval, and pulmonary venous recesses. The 
superior recess lies anterior to the ascending aorta and main 
pulmonary artery. The superior extent of the recess is at the 
level of the origin of the innominate artery, and the inferior 
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extent is at the root of the aora [1]. These recesses are rarely 
visualized on the plain chest radiograph, and if present, the 
true cause of the abnormality is likely to be misinterpreted 
[3, 4]. 

CT is a valuable tool for the visualization of pericardial fluid. 
The pericardium normally contains 20-25 ml of fluid and as 
little as 50 ml can be detected on CT [1]. Small amounts of 
pericardial fluid disproportionately located in the superior re- 
cess may be confused with aortic dissection or lymphadenop- 
athy [2]. When a large amount of fluid is present, the appear- 
ance can simulate thymic enlargement, an anterior mediastinal 
mass, or a bronchogenic cyst [5]. 

The CT findings are often conclusive, particularly if fluid is 
present in other pericardial spaces. Other valuable signs are 
the lack of enhancement after contrast administration and a 
characteristic dip of the superior recess fluid posteriorly be- 
tween the aorta and main pulmonary artery [5]. However, if 
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there is an abundance of subepicardial fat between the aorta 
and main pulmonary artery, the latter sign may not be seen. 
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Book Review 





Clinical Radiology of the Small Intestine. By Hans Herlinger and Dean Maglinte. Philadelphia: Saunders, 


624 pp., 1989. $125 


With the continuous development of new radiographic and imaging 
techniques, the wealth of information that has been accumulated in 
the literature needs to be integrated into a concise and yet compre- 
hensive volume dedicated to the recent advances in the radiology of 
the small bowel. This task has been undertaken completely success- 
fully by Herlinger and Maglinte, both well known as innovative, skillful, 
and experienced radiologists with a special interest in imaging of the 
small intestine. This volume contains 30 chapters, more than 550 
illustrations, tables, diagrams, high-power photomicrographs of nor- 
mal and pathologic specimens, and radiographs of barium-coated 
fixed specimens. It has been written mostly by the main authors; the 
exception is 13 chapters written by 23 contributors, all authorities in 
their fields. The first part of the book contains chapters describing 
the normal intestine, techniques of barium examination, and other 
imaging techniques. In the second part, different disease entities are 
presented with a short clinical background, radiographic description, 
and appropriate illustrations. With few exceptions, the volume is 
illustrated superbly, written explicitly and concisely, and well refer- 
enced and handsomely printed. 

This is a well-organized and well-edited textbook, up-to-date in the 
modern radiologic techniques of examination of the small bowel. The 
Strength of the book rests on the information given on the perfor- 
mance and interpretation of barium examination of the small bowel. 
When | compared this book with other monographs on this subject, 
| was impressed by the wealth of interesting pathologic material 
presented in the clinical chapters and by the high quality, artistry, and 
eloquence of many of the illustrations. In addition, | found this 
textbook particularly strong in two other respects. First, newer tech- 
niques, still complementary but achieving more and more recognition 
(sonography, CT, scintigraphy, interventional and percutaneous bi- 
opsy) are well covered and represented in the first part of the book. 
This division leads to an occasional unavoidable overlap, but good 
editing kept this shortcoming to a minimum. A few images illustrating 
new technologies are found in the conventional barium chapters, but 
their inclusion is spotty and somewhat haphazard. Second, a strong 
and convincing effort to explain radiographic abnormalities by corre- 


lating them with pathology material is evident. This is true particularly 
in the chapter entitled “Crohn’s Disease of the Small Bowel,” in which 
diagrams and photographs of barium-coated radiographed speci- 
mens are abundant. | found them attractive and useful. Furthermore, 
at the end of the book is a beautifully illustrated chapter dedicated to 
radiologic-pathologic correlation. Gross specimens and histologic 
photomicrographs are presented side by side with corresponding 
barium radiographs. The radiographic and pathologic abnormalities 
are described concisely, explaining the radiologic diagnosis and the 
expected overlap with other pathologic entities that result in similar 
morphologic findings. The illustrations are large, the text is well 
written, and the printing is attractive and easy to read. 

The main authors are wel-known, ardent proponents of methyl- 
cellulose enteroclysis. It appears that they are involved in a scientific 
crusade to teach and popularize this technique, and their strong 
convictions are expressed forcefully in this book. Several technical 
variations on the same theme of the small-bowel enema are described 
in great detail, and the advantages of enteroclysis are emphasized 
repeatedly. The book even has a “requiem” dedicated to the conven- 
tional follow-up small-bowel examination still used by most radiolo- 
gists in the United States. Although the almost exclusive use of 
enteroclysis recommended by the authors is arguably intransigent 
and exaggerated, this monograph is a notable achievement in its aim 
and effort to improve the quality of small-bowel examinations per- 
formed in the United States. It can be used as a reference book to 
review the radiographic manifestations of the most important intes- 
tinal diseases, to select the proper imaging technique on the basis of 
the clinical presentation, and to provide excellent practical guidance 
on how to properly perform and interpret different types of small- 
bowel enema examinations. | strongly recommend it to all residents 
in training, radiologists in practice, and gastroenterologists who are 
interested in the radiology and pathology of the small intestine. 
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lleoanal Pouches: Comparison of CT, 
Scintigraphy, and Contrast Enemas for 
Diagnosing Postsurgical Complications 





The value of CT of the pelvis, '"'In-labeled leukocyte scintigraphy, and contrast enema 


(pouchography) for detecting postsurgical complications was assessed in 44 patients 


with total colectomy, rectal mucosectomy, and ileoanal pouches. lleoanal pouches were 
created as reservoirs from an ileal loop that was anastomosed to the dentate line of the 
anus and stayed connected to the remainder of the ileum. This pouch preserves the 
normal defecatory pathway and eliminates disease-producing mucosa. A total of 57 
sets of examinations revealed 22 cases of normal postoperative findings, 22 of pouchitis, 
13 of abscess, and three of fistula. Overall sensitivity for detecting complications with 
pouchography was 60% (18 of 30 findings); with CT, 78% (28 of 36 findings); and with 
scintigraphy, 79% (23 of 29 findings). Pouchitis was best diagnosed by scintigraphy 
(sensitivity, 80%), followed by CT (sensitivity, 71%) and pouchography (sensitivity, 
53%). Only CT correctly diagnosed all cases of abscess. Fistulas were frequently missed 
by all three methods. If tests were combined, the overall sensitivity rose to 93% for the 
combination CT/scintigraphy and to 86% for CT/pouchography, but did not improve for 
pouchography/scintigraphy (78%). 

For evaluation of complications in patients with ileoanal pouches, CT should be the 
initial test. If an abscess is found, no further tests are needed. If CT findings are 
negative, a scintigram should be obtained. Our data did not establish a clear role for 


pouchography. 
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For many years, surgical management of patients with ulcerative colitis or familial 
polyposis of the colon necessitated total proctocolectomy and creation of a 
permanent ileostomy [1]. However, both physicians and patients often resist 
construction of an ileostomy because these patients usually are young and physi- 
Cally and sexually active. In addition, there is danger of sexual and bladder 
dysfunction related to total proctectomy. More recently an innovative surgical 
procedure was introduced that eliminates the problems encountered with the 
ileostomy. This operation consists of construction of an ileoanal reservoir associ- 
ated with total colectomy, rectal mucosectomy, and ileoanal anastomosis [2-5]. 
Such a procedure is curative and preserves the normal defecatory pathway [6]. 
These two important goals are not fulfilled by the other surgical options that are 
available to patients with ulcerative colitis or familial polyposis. In ileorectal anas- 
tomosis the disease-producing mucosa is left behind: with end-ileostomy or conti- 
nent ileostomy the normal defecatory pathway is not preserved [1]. 

Major complications related to creation of an ileoanal reservoir include pouchitis 
(inflammation of the pouch), abscess, and fistula. Other complications relate to the 
ileostomy, remainder of the small bowel, or functional disorders of the pouch [1]. 
This study was undertaken to determine the respective values of CT of the pelvis, 
'"In-labeled leukocyte study (scintigraphy), and pouchography for diagnosing 
postsurgical complications associated with ileoanal pouches in patients with or 
without symptoms related to pouchitis, abscess, or fistula. The value of the three 
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radiographic tests before takedown of ileostomy was as- 
sessed also. On the basis of our data, an algorithm for the 
workup of these patients was developed. 


Subjects and Methods 


This study included 57 sets of radiographic examinations (CT scan, 
scintigram, and pouchogram) in 44 patients who underwent total 
colectomy and construction of an ileoanal reservoir between January 
1983 to June 1989. J pouches (Fig. 1) were present in 20 patients 
and S pouches in 24 (Fig. 2). The mean age was 39 years (range, 
16-65). Women (n = 23) and men (n = 21) were equally represented. 
In 10 of 44 patients, multiple sets of examinations were performed 
at various time intervals; the complete set of three tests was per- 
formed in all but 23 instances. In 36 instances, examinations were 
done before and in 21 instances after takedown of ileostomy. The 
three studies were performed on the same day in 24 cases and were 
no more than 3 days apart in the remaining sets. CT was always 
performed first, followed by pouchography and then scintigraphy. 

No postsurgical complications were detected in 22 patients, but 
pouchitis was found in 22, an abscess in 13, and a fistula in three. 
An abscess was associated with severe pouchitis in one patient, and 
pouchitis was combined with fistulization in two other patients. The 
presence or absence of pathologic changes was proved as shown in 
Table 1. One patient with a surgically proved normal pouch had a 
fistula at the ileostomy site. Rectal and/or pelvic pain was seen in 31 
patients, fever and leukocytosis in 10, diarrhea in eight, rectal dis- 
charge in six, and nausea and vomiting in one patient. No symptoms 
related to the pouch were present in 18 of 20 patients who underwent 
the radiographic examinations before ileostomy takedown. 

For the 55 pelvic CT studies, axial images were obtained on a GE 
9800 unit (140 kVp, 120 mA, 3 sec) with oral, rectal, and IV contrast 
material. Two patients refused rectal contrast material. Ten milligrams 
of oral metoclopramide (Reglan, Quad Pharmaceuticals, Indianapolis, 
IN) was given routinely 45 min before the CT examination to ensure 
filling of distal small bowel loops [7]. A total of 1100 mi of oral and 
approximately 150-200 ml of rectal contrast agents was adminis- 
tered. Dynamic scans were used in 1-cm increments Starting at a 
level 3 cm below the anal verge and extending to the iliac crests. 
This low starting point ensured visualization of low fistula tracts or 
leaks from the anastomosis at the dentate line. 





Fig. 1.—J pouch. 
A, CT scan clearly shows stump (arrows) with surgical staples. 
B, Pouchogram shows typical blind-ending stump (arrows). 
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For the 43 scintigrams, blood was drawn from the patient, labeled 
with 0.5 mCi (18.5 MBq) of '"'In, and reinjected into the patient after 
2 hr. One patient was imagec 3.5 hr, 12 were scanned 5-15 hr, and 
30 were scanned 24 hr after reinjection of the labeled blood. Views 
were obtained in anterior, posterior, lateral, and/or tail-on-detector 
projections. 

Twenty of the 48 pouchograms were obtained in a retrograde 
fashion through the pouch and 28 in an antegrade fashion through 
the ileostomy. Early in the investigation, retrograde pouchograms 
were obtained in patients examined before takedown of ileostomy. 
Once we realized that the pouch could be distended better by the 
antegrade approach, we obtained pouchograms in an antegrade 
fashion. Late in the investigation, only three patients with an ileostomy 
could not be examined in an antegrade fashion because of infection 
at the stoma site in one and inability to cannulate the ileal loop leading 
to the reservoir in two. Barium was used in 13 and Hypaque (diatri- 
zoate sodium, Winthrop-Breon, New York, NY) in 35 studies. All 
patients who underwent all three tests on the same day received 
Hypaque during the pouchogram. Three to five spot films in various 
positions and four overhead films (anteroposterior, posteroanterior, 
lateral, and anteroposterior postevacuation films) were obtained. 
Before the examination, 1 mg of glucagon was injected IV. 


TABLE 1: Pathologic Changes in Patients with lleoanal 
Reservoirs 


Pathologic Changes 

















Proof - - 
None Pouchitis Abscess Fistula 

Surgery? 20 3 6 g 
Aspiration biopsy with or without 

drainage 0 0 7 0 
Endoscopy of pouch 1 3 0 0 
Clinical course uneventful up to 3 

months 1 0 0 0 
Resolution of symptoms following 

antibiotic treatment 0 16 0 1 


Note.—Fifty-seven sets of examinations were performed in 44 patients. 
a Careful analysis of pouch during takedown of ileostomy or corrective 


surgery. 





Fig. 2.—Round configuration of pouch in ab- 
sence of blind-ending stump on CT scans above 
this level suggests presence of S pouch. Inhomo- 
geneity of pouch is caused by retained stool. 
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All examinations were interpreted several months after the studies 
were performed. Pouchograms and CT scans were analyzed in 
conference by two of the authors who were unaware of the final 
results and Clinical histories; the scintigrams were analyzed by one 
radiologist with special expertise in nuclear medicine who was blinded 
to the other findings. Because all participating radiologists were 
involved in the initial patient examination, reinterpretations might not 
have been completely blinded. 

Radiographic criteria for the diagnosis of pouchitis were as follows: 
pouchogram—spiculation, thickening of folds, and spasm of the 
pouch; CT scan—thickened pouch wall (more than 3 mm) with or 
without wispy densities in the area around the pouch; and scinti- 
gram—increased uptake in the suspected location of the pouch 
(midline). Radiographic criteria for the diagnosis of abscess were as 
follows: pouchogram—mass impressing pouch with or without air 
bubbles, spiculations, and thickening of folds, particularly in the area 
of the impression; CT scan—soft-tissue mass adjacent to pouch with 
or without enhancing rim, with or without air bubble(s), with or without 
thickening of the pouch wall, and with or without wispy densities in 
the region around the pouch; and scintigram—well-defined area of 
increased uptake posterior to or to the side of pouch. Arterior uptake 
was interpreted as representing cystitis. 

Radiographic criteria for the diagnosis of fistula were as follows: 
pouchogram—tract of barium or Hypaque extending from the pouch 
into the soft tissue surrounding the pouch: CT scan—tract of contrast 
material extending from the pouch, usually associated with increased 
densities in fat surrounding the tract: and scintigram—area of in- 
creased uptake resembling abscess. Results of scintigraphy were 
accepted as correct if increased uptake of the isotope was present, 
regardless of whether it was caused by pouchitis, abscess, or fistula. 
Scintigrams were considered true-negative if no increased uptake 
was present in the pelvis. In a separate scintigraphic aralysis, confi- 
dence levels (1 = definitely not possible to 6 = definitely possible) for 
distinction between pouchitis and abscess or fistula were determined 
on the basis of the location of the increased uptake. 

The sensitivities of the various tests and their combinations were 
determined. False-positive, true-negative, and false-necative results 
also were analyzed. 


Results 


Among 32 sets of examinations in patients with S pouches, 
only three sets (9.4%), one of which did not include CT, were 
normal. Among 25 sets of examinations in patients with J 
pouches, 19 (76%) were normal. One patient with a normal S 
pouch had an anal stricture that needed operative dilatation. 
This stricture was not seen on CT or scintigraphy, and the 
patient refused pouchography because of extreme discom- 
fort. The overall sensitivities for detecting any complication 
and the respective sensitivities for pouchitis, abscess, and 
fistula are listed in Table 2. In two (10%) of 20 sets of studies 
obtained before ileostomy takedowns, unsuspected compli- 
cations occurred that prevented takedowns planned for the 
day after the radiographic examinations. In one of these two 
patients, a small abscess was present; in the other, a small 
fistula extended from the anal anastomosis. 

The overall sensitivity for detecting postsurgical complica- 
tions in ileaanal pouches increased to 93% if CT and scinti- 
graphic results were combined and to 86% if CT and pouch- 
ographic results were combined. However, the combination 
of the scintigram and pouchogram did not improve the overall 
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TABLE 2: Sensitivity of CT, Scintigraphy, and Pouchography in 
Detecting Pouchitis, Abscess, and Fistula 
ee 
True-Positive/True-Positive + False-Negative 

(%) 








Pathology 
CT Scintigraphy | Pouchography 
Pouchitis 15/21 (71) 16/20 (80) 10/19 (53) 
Abscess 12/12 (100) 6/7 (86) 7/8 (88) 
Fistula 1/3 (83) 1/2 (50) 1/3 (33) 
Total 28/36 (78) 23/29 (79) 18/30 (60) 


Note.—Numbers relate to findings and not studies. 


sensitivity of the tests (78%). If increased uptake was present 
on scintigraphy, CT was helpful to determine whether this 
abnormality represented an abscess (n = 6). In four patients 
with pouchitis, scintigraphy alone was positive. 

Of the 59 CT findings, 22 were true-negative, eight were 
false-negative (six for pouchitis and two for fistula), and one 
was false-positive (for pouchitis 9 days after construction of 
the ileoanal pouch). Of the 48 scintigraphic findings, 18 were 
true-negative and six were false-negative (four for pouchitis, 
one for abscess, and one for fistula). Only one false-positive 
finding of pouchitis was found on scintigraphy; this was in a 
patient with cystitis and posterior position of bladder. Scintig- 
raphy diagnosed six abscesses as pouchitis only, with a 
confidence level of 5 in five patients (one with abscess and 
pouchitis) and a confidence level of 4 in one patient. Pouchitis 
was diagnosed on scintigraphy with confidence levels of 5 
and 6 each in five patients (62.5%) (one patient also had a 
fistula) and with confidence levels of 3 and 4 each in three 
patients. Fistulas were misdiagnosed as pouchitis with confi- 
dence levels of 6 in one patient with pouchitis and fistula and 
of 2 in one patient with fistula alone and a small amount of 
increased uptake. Of the 53 pouchographic findings, 20 were 
true-negative and 12 were false-negative (nine for pouchitis, 
two for fistula, and one for abscess). The three false-positive 
pouchograms were in one patient each with poucho graphic 
evidence of abscess, pouchitis, and fistula. 


Discussion 


Creation of an ileoanal reservoir is a two-step procedure at 
the University of California, San Francisco. The initial step 
consists of total colectomy, rectal mucosectomy, and creation 
of an ileoanal pouch and a loop ileostomy. During a second 
operation (usually after 2 months), the temporary ileostomy 
is taken down, and the pouch is Carefully examined while the 
patient is under anesthesia. Two types of pouches are used: 
the J pouch and the S pouch (Fig. 3). Our surgeons incise the 
rectal mucosa immediately above the dentate line and pre- 
serve the internal sphincter. A very small rectal stump is left 
from which the rectal mucosa is Stripped. The J pouch is 
directly anastomosed to the dentate line (Fig. 3A), wereas 
the S pouch (Fig. 3B) is connected to the dentate line via a 
2-cCM spout. 

To our knowledge, very little information is available in the 
literature regarding the CT appearance of ileoanal reservoirs 
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[8-10], and no report is available investigating the compara- 
tive values of CT, scintigraphy, and pouchography for post- 
surgical complications. Early recognition of these complica- 
tions is necessary to ensure preservation of the pouch and 
its functions [11]. 

The S pouch reportedly carries a much higher rate of 
postoperative complications, probably due to incomplete 
emptying of the pouch and other problems associated with 
the long distal segment [11]. These are the reasons why, 
more recently, our surgeons have abandoned the S pouch 
for the J pouch. Unsuspected complications were found in 
two asymptomatic patients of 20 patients with J pouches 
examined before takedown of the ileostomy. This fact shows 
that radiographic evaluation before surgical takedown of ile- 
ostomy can be helpful. Delayed takedown of the ileostomy in 
these patients prevented a protracted course due to compli- 
cations. In both patients, complications resolved after antibi- 
otic treatment (and a small incision through the posterior wall 
of the pouch for drainage of an abscess in one). The post- 
operative course after takedown of the ileostomy was un- 
eventful in both patients. 

Pouchitis usually is asymptomatic before takedown of ile- 
ostomy, but after takedown, patients with pouchitis experi- 
ence increased watery bowel movements and cramping pain 
with or without fever. The cause of pouchitis is unknown; it 
may be due to stasis in the pouch with bacterial overgrowth 
and, rarely, to previously undiagnosed Crohn disease. Anti- 
biotic treatment usually is effective, and resolution of inflam- 
mation after antibiotic therapy is thought to be diagnostic of 
pouchitis. If pouchitis remains untreated, the pouch may fail 
and has to be removed. Abscess and fistula usually are due 
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Fig. 3.—A and B, Schematic drawings of J (A) 
and S (B) pouches. In J pouch, ileal loop is sutured 
(or stapled) directly to dentate line. After surgery, 
pouch frequently rotates so that stump appears 
on the left (see Fig. 1). S-shaped ileal loop is used 
to fashion reservoir by opposing three segments 
of terminal ileum (open arrows). S pouch has long 
spout (solid straight arrows), which is sutured to 
dentate line. Suture lines (Curved arrows) on pos- 
terior wall are drawn as “see-through” effect. 
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to leakage at the anal anastomosis, and immediate treatment 
with antibiotics and drainage for larger abscesses are nec- 
essary. 

Our comparison of the three tests (Table 2) shows that CT 
and scintigraphy provide similar overall results, but the pouch- 
ogram is clearly less sensitive, with many false-negative and 
false-positive results. Although scintigraphy was the most 
sensitive test (sensitivity, 80%) for detecting pouchitis (Fig. 
4), detection of pouchitis was improved if scintigraphy was 
combined with CT (combined sensitivity, 95%). CT was the 
best test for detection of abscess (Fig. 5), whereas fistulas 
(Fig. 6) were missed frequently by all tests. Study of a larger 
series of patients with fistulas is needed to determine whether 
fistulas may be reliably detected by one of the three tests or 
their combinations. 

Reasons for false-negative CT findings included absence 
of detectable wall thickening or increased fat densities in the 
area around the pouch, incomplete scanning through the anal 
canal, and absence of contrast material in the pouch due to 
patient refusal of contrast material. On CT, mild wall thicken- 
ing of the pouch can be obscured by an incompletely dis- 
tended pouch or by dense contrast material within the pouch. 
The one false-positive CT result clearly was caused by acute 
postsurgical changes. For accurate assessment of postsur- 
gical complications, at least 6-8 weeks should elapse after 
initial surgery. 

Some of the false-negative scintigraphic findings in pouch- 
itis and abscess may have been due to the fact that some of 
our patients were examined after several days of antibiotic 
treatment (n = 2) or due to the presence of barium from a 
previous pouchogram (n = 1). In some patients with a com- 
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Fig. 4.—Pouchitis. 
A, Pouchagram shows thickened folds and spiculation (S pouch). 
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B, CT scan shows thickened pouch wall (arrows) and increased density in region around pouch. 
C, '"'In-labeled leukocyte scan shows increased uptake indicative of inflammatory process. 





Fig. 5.—Peuch with abscess. 
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A, Pouchogram shows increased space between S pouch and sacrum and a slight mass impression on pouch (arrows). 
B, CT scan shows a low-density mass with enhancing rim (straight arrows) posterior to pouch, corresponding to an abscess, and slightly thickened 


pouch wall (curved arrow). 


C, '"'In-labeled leukocyte study shows increased uptake in area of pouch. 


bination of findings, only one abnormality was identified. The 
separate amalysis of scintigraphic results by using confidence 
levels for diagnosing pouchitis, abscess, and/or fistula 
showed that scintigraphy could detect only inflammatory 
changes and not the type of postsurgical complication. 

On the basis of our study, there appears to be no role for 
pouchography in the evaluation of ileoanal pouches. However, 
the value of this test lies in evaluating the functional abnor- 
mality of the pouch and small bowel, which cannot be done 
with the other tests [10]. Our study did not investigate defe- 
catory function, stool patterns, or small bowel abnormalities, 
all of which are dysfunctions that may be evaluated with 
pouchography [8-10]. Poor results with the pouchogram may 


be due to difficulty in distending an unused pouch or to a 
pouch that can freely evacuate through a short loop of small 
bowel into the ileostomy. Nevertheless, it is not surprising 
that more subtle changes of pouchitis, which cause mild wall 
thickening, are not well detected by pouchography unless 
spiculation and thickening of folds become clearly evident. It 
was astonishing to us that the pouchogram fared so poorly 
in the detection of fistulas (Fig. 6), even though, in each case 
of fistula, a retrograde study was performed with the tip close 
to the anal verge. Previous reports have suggested that the 
pouchogram is of great value for diagnosing fistulas in pa- 
tients with ileoanal reservoirs [8]. Our results may hav2 been 
partially due to the fact that we used water-soluble contrast 
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Fig. 6.—Fistula. 
A, Pouchogram shows small fistula tract (arrow) extending from anal anastomosis of this S pouch. 

B, CT scan shows small tract (arrows) extending posteriorly from S pouch. High density of tract is caused by barium retained from pouchogram. 
C, ''In-labeled leukocyte study shows increased uptake in lower pelvis. 


material and partially due to the fact that the fistulas were 
very small. Also, many of our patients with complications 
related to the pouch had great difficulty in tolerating the 
pouchogram. Valium or pain medication may be helpful in 
these instances, but such medication was not used in our 
study. 

In conclusion, for the evaluation of postsurgical complica- 
tions of ileoanal pouches in patients with total colectomy, we 
recommend that CT of the pelvis be performed initially. If an 
abscess is demonstrated, no further radiographic test is 
needed. The abscess can be drained by a surgeon or by a 
radiologist who, under CT guidance, places a drainage tube 
percutaneously or transrectally through the wall of the ileoanal 
pouch. Whether or not symptoms are present, if a CT scan 
is negative, a scintigram should be obtained to rule out 
pouchitis or fistula. If pouchitis or fistula is detected with CT 
or the combination of CT and scintigraphy, antibiotic treat- 
ment should be instituted. Takedown of the ileostomy must 
be delayed if an abscess or fistula is present, but it may 
proceed in the presence of pouchitis. 

The role of the pouchogram could not be clearly established 
from our data. If the inflammation persists or is suspected to 
be caused by pouch dysfunction or unknown Crohn disease, 
a pouchogram with a postevacuation film may be advisable. 
A thorough endoscopic examination of the pouch with the 
patient under anesthesia may be necessary in these cases. 
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CT of the Extrahepatic Bile Ducts: 
Wall Thickness and Contrast Enhancement 
in Normal and Abnormal Ducts 





Recent reports have described thickening and enhancement of the extrahepatic bile 
duct wall on CT scans obtained after administration of IV contrast material. We undertook 
this study to establish parameters for the normal thickness and enhancement of the bile 
duct wall on CT, and to develop a differential diagnosis for thickening of the duct wall. 
Routine CT examinations of 100 patients without biliary disease were evaluated pro- 
spectively. The common hepatic duct and common bile duct could be visualized in 66% 
and 82% of cases, respectively; the walls of these ducts could be separately discerned 
in 59% and 52%. The mean thickness of the duct wall was 1 mm, with a maximal 
thickness of 1.5 mm. Wall enhancement was similar to (51%), slightly greater than 
(44%), or markedly greater than (5%) the enhancement of adjacent pancreatic paren- 
chyma. A review of records covering a 5-year period identified 52 patients in whom CT 
showed thickening of the bile duct wall (=>2 mm). These patients could be categorized 
by seven underlying diseases, and analysis of the CT scans revealed four general 
patterns of thickening. Focal, concentric wall thickening in the distal common bile duct 
was associated with pancreatitis, pancreatic cancer, and common bile duct stones; 
focal, eccentric thickening tended to occur with cholangiocarcinoma and sclerosing 
cholangitis. Diffuse, concentric thickening was seen with acute cholangitis; diffuse, 
eccentric thickening was associated with oriental cholangiohepatitis and sclerosing 
cholangitis. Thickening of greater than 5 mm was seen only with cholangiocarcinoma. 
Enhancement of the duct wall in these groups varied and was of no predictive value. 

In summary, the extrahepatic bile ducts can be visualized in the majority of patients, 
and the normal duct wall should be 1.5 mm or less in thickness. Contrast enhancement 
of the duct wall occurs in patients without biliary tract disease and alone is not predictive 
of pathology. Pancreatitis, pancreatic cancer, common bile duct stones, cholangiocar- 
cinoma, sclerosing cholangitis, acute cholangitis, and oriental cholangiohepatitis are 
associated with thickening of the duct wall. 
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Technologic advances in CT have resulted in continued improvement in spatial 
resolution and in the ability of CT to evaluate the biliary system. Visualization of 
the normal common bile duct (CBD) by CT has been reported in 30-53% of 
individuals [1, 2]. We suspect that the ability of CT to visualize the extrahepatic 
bile ducts has improved since these studies, although a more recent evaluation 
using present CT technology has not been reported. In the past, most CT studies 
focused on visualization of dilated bile ducts and the characterization of the 
obstructing process. More recent reports have described the capability of CT to 
show changes in the bile duct wall; several reports have described thickening and/ 
or enhancement of the bile duct wall after IV administration of contrast material [3- 
8]. Despite these reports of pathologic thickening and contrast enhancement of 
the duct wall, the thickness and enhancement characteristics of the normal bile 
duct wall on CT have not been established, nor has a differential diagnosis been 
presented for duct wall thickening. 

This study was undertaken to address these issues and was divided into two 
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basic components. The first was an evaluation of normal 
extrahepatic bile ducts to determine the frequency of CT 
visualization of the common hepatic duct (CHD) and CBD 
lumen and wall, and to establish parameters for normal thick- 
ness and contrast enhancement of the duct wall on CT. The 
second component was an analysis of abnormal extrahepatic 
bile ducts to define the processes that can cause thickening 
and contrast enhancement of the duct walls and to determine 
characteristic patterns to the thickening or enhancement that 
would allow differentiation among types of disease. 


Subjects, Materials, and Methods 
Patients Without Biliary or Pancreatic Disease 


From December 1987 through March 1988, 116 consecutive pa- 
tients referred for abdominal CT and without known biliary or pan- 
creatic disease were evaluated prospectively. CT examinations were 
performed on either GE 9800 (n = 68) or Picker 1200 (n = 48) 
scanners. The scan technique was optimized for patient body habitus: 
120-140 kVp and 120-140 mA were used. Consecutive dynamic 
scans at 10-mm intervals with 5- or 10-mm collimation were obtained 
through the hepatobiliary system. IV contrast material (Reno-M-60, 
Squibb) was administered with a power injector, as a 2 ml/sec, 50 
ml bolus, followed by 100 ml infused at 1 ml/sec. Oral contrast 
material also was administered routinely. 

At the completion of each examination, the images were reviewed, 
and the extrahepatic bile ducts were assessed at two levels: the CHD 
at the level of the porta hepatis and the CBD at the level of the 
pancreatic head. These ducts were identified as tubular structures 
(lumen density equivalent to water) detected on serial scans in the 
expected location of the bile ducts: the CHD was anterior to the 
portal vein, lateral to the hepatic artery, and surrounded by fat in the 
porta hepatis, and the CBD was within or adjacent to the parenchyma 
of the pancreatic head. At each level, the presence or absence of the 
duct was assessed; if visualized, the images were magnified two or 
three times, and, by using digital calipers, the lumen diameter (inner 
to inner wall) and wall thickness were measured. Measurements were 
taken along the short axis of the duct lumen and wall to avoid falsely 
elevated measurements related to oblique scanning [2]. The standard 
and magnified images, including those with the cursor measurements, 
were filmed and reviewed later by three of the investigators with 
consensus agreement on each measurement. 

Enhancement of the wall of the CBD after administration of IV 
contrast material was compared with that of the adjacent pancreatic 
parenchyma and subjectively graded as 0, 1, or 2. Grade 0 signified 
enhancement similar to that of pancreatic parenchyma or inability to 
separate the bile duct wall from the surrounding pancreas, grade 1 
indicated enhancement slightly greater than that of pancreatic paren- 
chyma, and grade 2 indicated enhancement markedly greater than 
that of pancreatic parenchyma. Grading of the CHD wall was not 
attempted because of the lack of adjacent reference tissue. 

Nine to 12 months after the CT examinations were done, all patient 
charts were reviewed or referring physicians were contacted to 
determine if interval biliary or pancreatic disease had developed. In 
16 patients, biliary or pancreatic disease developed or no clinical 
follow-up was available. They were excluded from the study, resulting 
in 100 patients in the final study group. There were 63 men and 37 
women 20-89 years old (mean, 55). Of these 100 patients, 6-month 
Clinical follow-up or autopsy evaluation was available for 86. Maximal 
fol ow-up for the remaining study patients was 3-6 months in 10, 1- 
3 months in three, and 2 weeks in one. Reasons for the shorter 
follow-up courses were death from a nonbiliary cause without autopsy 
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evaluation in nine and lost to further follow-up in five. At the time of 
the last clinical evaluation, there was no clinical or laboratory evidence 
of biliary disease in these patients. 


Patients with Biliary or Pancreatic Disease 


To identify patients with thickening of the extrahepatic bile duct 
wall, medical, surgical, and radiologic records from participating in- 
Stitutions from the preceding 5 years were reviewed, and available 
CT scans from patients with any potential biliary or pancreatic disease 
were examined. GE 8800, GE 9800, or Picker 1200 scanners and 
conventional abdominal scanning techniques had been used. The 
thickness of the bile duct wall was measured by using a magnifying 
glass and custom-made rulers capable of measuring 0.5-mm incre- 
ments directly from the recorded CT image. On the basis of our 
findings of normal bile duct wall thickness, all CT examinations 
showing a duct wall 2 mm or thicker were included in the disease 
group. The studies were analyzed by two of the investigators and 
consensus was reached. The thickness of the duct wall was meas- 
ured and the thickening was characterized as to its location and 
whether it was diffuse or focal and concentric or eccentric. The 
degree of duct wall enhancement was graded by using the same 
scale used for the normal population. 


Results 
Patients Without Biliary or Pancreatic Disease 


In the group of 100 patients without biliary or pancreatic 
disease, the lumen of the CHD was identified in 66 patients 
and the lumen of the CBD in 82 patients. The mean diameter 
of the CHD lumen was 2.8 mm (range, 1.3-8.0 mm) and the 
mean diameter of the CBD lumen was 3.6 mm (range, 1.5- 
10.9 mm). The wall of the CHD could be delineated in 59 
patients (Fig. 1) and the CBD wall in 52 (Fig. 2). The mean 
thickness of the wall of the CHD was 0.94 mm, with a maximal 
thickness of 1.5 mm. The mean thickness of the wall of the 
CBD was 1.0 mm, with a maximal thickness of 1.5 mm. 

Enhancement of the wall of the CBD was equal to the 
enhancement of adjacent pancreatic parenchyma or could not 
be distinguished from the pancreatic parenchyma (grade 0) in 
51 patients, slightly greater than that of pancreatic paren- 
chyma (grade 1) in 44, and markedly greater than that of 
pancreatic parenchyma (grade 2) in five. 


Patients with Biliary or Pancreatic Disease 


Bile duct walls 2 mm thick or greater were present in 52 
patients with proved diagnoses. There were seven underlying 
diseases, which could be divided into eight categories. 

Nonoperated pancreatic carcinoma.—The walls of the bile 
ducts were thickened in eight patients with pancreatic carci- 
noma who had not undergone surgical bypass. In all cases, 
the thickening was focal, occurring within or just above the 
pancreatic head (Fig. 3). The wall thickening was concentric 
in all cases except one, in which it was minimally eccentric. 
The walls ranged from 2.5 to 3 mm thick. Wall enhancement 
was grade 1 in all cases. 

Surgically treated pancreatic carcinoma.—The bile duct 
walls were thickened in two patients with pancreatic carci- 
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Fig. 1.—CT scan shows normal common he- 
patic duct at level of porta hepatis. Lumen (den- 
sity equivalent to water) is surrounded by a thin 
but perceptible duct wall (arrows). 





Fig. 4.—Marked eccentric thickening of common hepatic duct wall due to cholangiocarcinoma. 

A, CT scan shows eccentric thickening of common hepatic duct wall posteromedially (arrows), 
displacing duct lumen (density equivalent to water) from portal vein posteriorly. 

B, Cholangiogram shows eccentric narrowing of common hepatic duct lumen (arrows), with 


obliteration just distal to narrowing. 
(Modified and reprinted with permission from Teefey et al. [5].) 


noma who previously had undergone Whipple procedures 
with choledochojejunostomies. In one case, the thickening 
was diffuse, involving the remaining extrahepatic bile ducts. 
In the other case, the thickening was focal, occurring near 
the anastomosis. In both cases, the thickening was concen- 
tric. Walls were 3.5 and 4 mm thick; wall enhancement was 
assigned grades 1 and 2. 

Neoplasms of bile ducts.—This group comprised 10 pa- 
tients with cholangiocarcinoma and one with a benign papillary 
neoplasm. Focal thickening of the duct wall at the level of the 
neoplastic mass was present in all cases (Figs. 4 and 5). 
Eccentric thickening occurred in nine and concentric thicken- 


Fig. 2.—CT scan shows normal common bile 
duct within pancreatic parenchyma. Lumen (den- 
sity equivalent to water) is surrounded by thin, 
mildly enhancing duct wall (arrow). 
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Fig. 3.—CT scan shows pancreatic carcinoma 
enlarging head of pancreas and surrounding distal 
common bile duct. There is mild eccentric thick- 
ening and contrast enhancement of duct wall (ar- 
rows), which was focal and identified within pan- 
creatic head only. 





Fig. 5.—CT scan shows subtle eccentric thick- 
ening and mild contrast enhancement of wall of 
common hepatic duct (arrows) in a patient with 
cholangiocarcinoma. Thickening was present at 
this level only. 


ing in two of the cases. The range of duct wall thickening was 
3-11 mm. Wall enhancement was grade 0 in three, grade 1 
in seven, and grade 2 in one. 

Acute cholangitis. —Bile duct walls were thickened in six 
Patients with proved acute cholangitis. In two cases CBD 
stones were known to be present. The thickening was diffuse 
in all cases but one, in which focal thickening was seen at the 
level of a CBD stone. The thickening was concentric in all 
cases and was from 2 to 4 mm thick. Duct wall enhancement 
was grade 1 in four and grade 2 in two cases (Fig. 6). 

Oriental cholangiohepatitis. —Duct walls were thickened in 
three patients with oriental cholangiohepatitis. The thickening 


82 SCHULTE ET AL. 





was diffuse and eccentric in all cases (Fig. 7). Thickening was 
3 mm in one and 4 mm in two. All had grade 1 duct wall 
enhancement. 

CBD stones without cholangitis.—This group comprised 
nine patients with CBD stones without associated cholangitis 
or oriental cholangiohepatitis. The duct wall thickening was 
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Fig. 6.—CT scan shows concentric thickening 
and mild contrast enhancement of wall of common 
bile duct (arrows) in a patient with acute cholan- 
gitis. This thickening and enhancement was pres- 
ent throughout extrahepatic bile ducts. 


Fig. 7.—CT scan shows eccentric thickening 
and mild contrast enhancement of wall of common 
hepatic duct (arrows), which was present at mul- 
tiple levels, in a patient with oriental cholangiohep- 
atitis. Duct lumen is dilated markedly and contains 
stones and debris. 


Fig. 8.—Focal concentric thickening and 
marked contrast enhancement of distal common 
bile duct wall in patient with choledocholithiasis. 

A, CT scan of intrapancreatic common bile duct, 
well above level of stone, reveals no discernible 
duct wall (arrows). 

B, Scan 2 cm inferior to A shows marked con- 
centric thickening and contrast enhancement of 
duct wall (arrows). 

C, Delayed, small-field-of-view scan with 3-mm 
collimation, obtained 1 cm below B, shows a de- 
crease in contrast enhancement of thickened duct 
wall (arrows), as well as a soft-tissue density 
stone within duct lumen. 

D, Cholangiogram shows stricture of distal com- 
mon bile duct (arrows) just proximal to visualized 
stone. Wall thickening seen on CT corresponds to 
region of stricture demonstrated here. 


focal in eight cases and diffuse in one. In six patients the CBD 
stones were visualized on CT; in these cases focal thickening 
was identified only at the level of the stones, which were in 
the distal CBD (Fig. 8). In the other two cases of focal 
thickening, the thickening was also in the distal CBD; how- 
ever, the stones were not visualized definitely on CT. The 
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Fig. 9.—CT scan shows marked contrast en- 
hancement of eccentrically thickened distal wall 
of common bile duct (arrows) in a patient with 
sclerosing cholangitis. 


Fig. 10.—CT scan shows marked contrast en- 
hancement ane@:concentric thickening of distal wall 
of common bile duct (arrow) in a patient with 
chronic pancreatitis, as evidenced by a markedly 
dilated pancreatic duct. Thickening and enhance- 
ment were only present distally. 


thickening was concentric in seven and eccentric in two. The 
wall thickening ranged from 2 to 4 mm. Wall enhancement 
was grade Orin one, grade 1 in seven, and grade 2 in one. 

Sclerosing cholangitis. —Six patients were identified with 
sclerosing cholangitis and thickening of the duct wall. The 
thickening was diffuse in three and focal in three. Eccentric 
thickening was present in all but one case and ranged from 
2.5 to 5 mm thick. Wall enhancement was grade 0 in three, 
grade 1 in one, and grade 2 in two (Fig. 9). 

Pancreatitis. —Seven patients with pancreatitis had thick- 
ening of the duct wall. In all cases, the thickening was focal 
and concentric, occurring in the distal CBD within or just 
above the inflamed pancreatic head (Fig. 10). Thickening 
ranged fram 2 to 3 mm. Wall enhancement was grade 0 in 
one, grade 1 in five, and grade 2 in one. 


Analysis of the Pattern of Duct Wall Thickening 


From these data it is evident that there are four general 
patterns of duct wall thickening and that these patterns are 
associated with certain diseases. Focal and concentric thick- 
ening in the distal common bile duct occurred only in patients 
with pancreatitis (7/7), pancreatic carcinoma (7/8), CBD 
Stones (6/9), and acute cholangitis (1/6). Focal and eccentric 
thickening occurred in patients with neoplasms of the bile 
duct wall (9/11), sclerosing cholangitis (2/6), CBD stones 
(2/9), and pancreatic cancer (1/8). Only neoplasms of the bile 
duct wall were associated with thickening greater than 5 mm. 
Diffuse and concentric thickening was noted in patients with 
acute cholangitis (5/6), surgically treated pancreatic carci- 
noma (1/2), and CBD stones (1/9). Diffuse and eccentric 
thickening was detected in cases of oriental cho angiohepa- 
titis (3/3) and sclerosing cholangitis (3/6). 


Discussion 


Current CT technology provides sufficient anatomic reso- 
lution to visualize the extrahepatic bile ducts in the majority 
of patients. Using a bolus, rapid-infusion technique for admin- 
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istration of IV contrast material and dynamic scanring, we 
were able to visualize the CHD and CBD lumens in 66% and 
82%, respectively, of 100 patients without biliary disease. 
These values are higher than previously reported [1, 2] and 
reflect the continued improvement in CT performance and 
resolution. The CHD and CBD walls could be distinguished in 
59% and 52% of these patients, respectively, and by using 
magnified images and digital calipers, the wall thickness could 
be measured easily and accurately in most cases. In these 
100 patients without biliary tract disease, the mean trickness 
of the duct wall was 1 mm; no duct walls were more than 1.5 
mm thick. 

Recent reports have described several cases of bile duct 
wall thickening and enhancement with IV contrast material, 
evident on CT. Five cases of thickening were found in AIDS 
cholangitis, although CT was noted to be less successful than 
sonography in showing this finding [3]. One case of thickening 
and one case of duct wall enhancement in AIDS cholangitis 
were noted in another report [4]. Seven cases of duct wall 
thickening have been described in sclerosing cholangitis [5, 
6]. In one of these studies [5], 11 cases of duct wall enhance- 
ment in sclerosing cholangitis and two cases of duct wall 
thickening in cholangiocarcinoma were also reported. Five 
cases of contrast enhancement of the duct wall in oriental 
cholangiohepatitis have also been reported [7]. The degree 
of thickening or contrast enhancement of the bile duct wall 
was not quantified precisely in these reports, nor were the 
specific criteria for abnormal duct wall thickening or enhance- 
ment indicated. Our study provides an objective standard for 
normal thickness of the bile duct wall on CT and establishes 
a value of 1.5 mm, above which the thickness of the duct 
wall should be considered abnormal. 

This study also establishes the enhancement characteris- 
tics of the wall of the normal CBD. In the 100 patients without 
biliary tract disease, CBD wall enhancement after administra- 
tion of IV contrast material varied. CBD wall enhancement 
was similar to that of the pancreatic parenchyma (grade 0) in 
51%, slightly greater than that of the pancreatic parenchyma 
(grade 1) in 44%, and markedly greater than that of the 
pancreatic parenchyma (grade 2) in 5%. In the patients with 
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biliary or pancreatic disease and duct wall thickening, wall 
enhancement occurred with greater frequency than in the 
normal group: grade 0, 15%; grade 1, 70%; and grade 2, 
15%. This may in part be biased by selection of grades 1 and 
2 enhancing walls during collection of the abnormal cases, as 
thickened walls that enhance greater than the pancreas are 
visualized more readily. On the other hand, it is also possible 
that the enhancement reflects the pathologic process. Re- 
gardless, both grades 1 and 2 enhancement occurred in 
patients without any evidence of biliary or pancreatic disease, 
and therefore reliance on enhancement alone is an unreliable 
predictor of biliary disease. 

The abnormal bile duct component of this study had several 
limitations. First, because of the retrospective design, a vari- 
ety of CT scanners and techniques had been used. The limited 
quality of many of the scans and the lack of standardization 
did limit evaluation of the CT scans; however, it did not falsely 
produce duct wall thickening or significantly alter the pattern 
of thickening. Second, because of the method of collecting 
abnormal cases, we were unable to determine the frequency 
of duct wall thickening within each disease category. Despite 
these limitations, our study does produce useful information 
about the abnormal duct wall. Our review of CT examinations 
from patients with any potential biliary or pancreatic disease 
revealed several cases of thickening of the duct wall in each 
of the following categories: pancreatitis, pancreatic carci- 
noma, CBD stones, bile duct wall neoplasms, acute cholan- 
gitis, oriental cholangiohepatitis, and sclerosing cholangitis. 
Within these select groups of patients with abnormal thick- 
ening of the duct wall, we found general trends in the pattern 
of thickening, and certain patterns of thickening were asso- 
ciated with specific diseases. Enhancement of the duct wall 
occurred throughout the abnormal groups, with no character- 
istic trends in the degree of enhancement. 

The pattern of focal, concentric thickening in the distal CBD 
was the characteristic pattern of thickening in patients with 
pancreatitis, pancreatic cancer, and CBD stones. All patients 
with pancreatitis and duct wall thickening had this pattern of 
thickening (Fig. 10). The cause of this thickening with pan- 
creatitis is speculative, as little histopathologic information is 
available about the bile duct wall. It is known that pancreatitis 
produces periductal inflammation and fibrosis of the intrapan- 
creatic portion of the CBD [9, 10], and this could extend into 
and thicken the adjacent duct wall. Pancreatitis is also known 
to result in strictures of the distal CBD [10-13], and partial 
obstruction may contribute to the wall thickening. 

This pattern of concentric thickening in the distal CBD was 
present also in all but one patient with pancreatic carcinoma 
and duct wall thickening; in the one exception, the thickening 
was in a similar location but slightly eccentric (Fig. 3). This 
thickening could be the result of associated pancreatitis, or 
could be related to partial obstruction of the CBD. Other 
possible causes include neoplastic infiltration of the duct wall 
and lymphedema. 

The pattern of concentric thickening in the distal CBD was 
present in six of nine patients with CBD stones (Fig. 8). In 
two, the thickening was focal in the distal CBD, but eccentric; 
in one patient, the thickening was diffuse and concentric. 
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Again, the cause of the thickening is unknown, as no histo- 
pathologic studies are available. Mechanical irritation from the 
stones could result in inflammatory and fibrotic changes in 
the duct wall, and in all six cases in which stones were 
visualized on CT, the thickening was at the level of the stones. 
Partial obstruction and associated pancreatitis may also be 
contributory; in one patient with CBD stones, pancreatitis was 
clinically evident. In the one case in which the thickening was 
diffuse, multiple stones and debris were present in the CBD, 
which may account for the diffuse nature of the thickening. 
Although cholangitis was not evident Clinically, it is also pos- 
sible that subclinical cholangitis was present. 

Focal and eccentric thickening of the duct wall was the 
predominant pattern with neoplasms of the bile duct wall only; 
within this category the thickening was focal in all cases and 
eccentric in nine of 11. The greatest degree of wall thickening, 
up to 11 mm, occurred in this group, and thickening greater 
than 5 mm was found in this group only. The thickening was 
at the level of the neoplasm in all cases. The neoplastic mass 
may obliterate the lumen (density equivalent to water), and 
appear as a solid mass on CT; however, thin collimated 
sections just above this level may reveal thickening of the 
duct wall, presumably the result of tumor infiltration (Fig. 4). 
Focal and eccentric thickening of the duct wall also occurred 
in patients with sclerosing cholangitis, CBD stones, and pan- 
creatic cancer; however, this pattern was present in a minority 
of cases, and the thickening was 5 mm or less. 

Diffuse and concentric thickening of the duct wall was 
characteristic of acute cholangitis (five of six cases); this was 
the only category in which this pattern predominated (Fig. 6). 
This pattern correlates with the expected pathologic changes, 
as acute cholangitis is usually a diffuse process, known to 
result in an inflamed, thickened duct wall [14]. 

In contrast to acute cholangitis, the wall thickening in 
patients with oriental cholangiohepatitis was diffuse but ec- 
centric in all cases (Fig. 7). This reflects the recurrent chronic 
nature of the process, with areas undergoing various degrees 
of inflammation and fibrosis [14, 15]. Sclerosing cholangitis 
was also associated with a diffuse and eccentric pattern of 
duct wall thickening in three of six cases. Differentiation was 
possible because of the marked ductal dilatation, intraluminal 
debris, and stones present in all three cases of oriental 
cholangiohepatitis. Sclerosing cholangitis was associated 
with both diffuse and focal thickening of the duct wall that 
was nearly always eccentric (Fig. 9). The cholangiographic 
findings of bile duct wall irregularities, diverticula, and nodules 
are well known [16], and these changes may contribute to 
the thickening of the duct wall evident on CT [5]. Histo- 
pathologic examination reveals nonspecific, chronic inflam- 
matory change and fibrosis within the walls of the bile duct 
(14, 17, 18]. 

In summary, the extrahepatic bile ducts can be visualized 
and characterized in a majority of patients. Our analysis of 
patients without biliary or pancreatic disease showed that no 
duct walls were more than 1.5 mm thick; this establishes a 
value above which the duct wall should be considered abnor- 
mal. Enhancement of the bile duct wall was found to occur in 
patients without biliary tract disease; this establishes that 
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enhancement alone is not predictive of pathology. Several 
diseases were found to be associated with thickening of the 
duct wall, and a differential diagnosis for thickening is estab- 
lished. Four general patterns of thickening were identified, 
and there appears to be an association between each pattern 
and specific diseases. Enhancement of the duct wall occurred 
throughout the disease categories, with no specific trends to 
the degree of enhancement. 
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The Radiologic Clinics of North America. CT of the Gastrointestinal Tract. Guest editor: Richard Gore. 
Philadelphia: Saunders, July 1989;27(4):631-838. $25; by subscription, 6 issues annually for $93 


At the beginning of the year, you pay Saunders $93, and every 
other month you get a copy of the Radiologic Clinics whether you 
want it or not. So this review is not to tell you if you should rush out 
and purchase this issue (it's yours already) but rather to tell you if 
you should open the cardboard carton and read the thing, read part 
of it, or simply leave it in the box and add it to the accumulating pile 
behind the study door. My advice is open the box, and | will tell you 
the good parts (kind of like a not too nice novel). 

The biggest problem with a short book such as this one is that it 
has to compete with a fairly comprehensive text already out by 
Megibow and Balthazar. Most everyone who was doing CT at the 
time purchased the larger text in order to diagnose those subtle 
cancers of the stomach or colon that were illustrated so nicely by 
using exquisitely detailed techniques that took most of a morning to 
perform. In any event, the Megibow and Balthazar book so nicely 
describes the CT of the gut that this present volume seems like a 
simplified, condensed version. 

The first chapter describes technical principles of visualizing each 
section of the gut, which dutifully are repeated by the author of each 
section. Then follow chapters on cancer of the esophagus and on 
CT of the stomach and duodenum, the small bowel, and the colon. 

A chapter on abdominal fluid collections presents about the same 
material Morton Meyers has been talking about for the last 15 years 
and which has been reviewed nicely in Lee and Sagel’s book on CT 
of the body. With just a rudimentary knowledge of pathology of the 
disease, you could deduce what CT of inflammatory bowel disease 
or CT of appendictis or CT of diverticulitis or CT of acute abdominal 


disorders would look like; each is the subject of a separate chapter. 
Heaven knows most radiologists have seen enough examples of 
postoperative complications that they do not need to read a chapter 
about that. MR imaging of the abdomen is worthless, but it takes a 
whole chapter to say that. Finally, the book finishes with a special 
chapter on sonography of chronic pancreatitis that is so filled with 
numbers and measurements that only an accountant would find it 
interesting. 

But, the book does have some good parts, and, as | promised, 
here they are: page 655, figures 4 and 5; page 656, figure 7; the 
chapter on CT of esophageal neoplasms (a gem); page 720, the first 
complete paragraph; page 737, the last complete paragraph; the 
chapter on diverticulitis for a section on staging; page 755, figure 3; 
page 758 for conditions mimicking appendicitis and page 760 for 
aspiration and drainage; page 768 on bone marrow transplantation; 
the pictures on CT of acute gastrointestinal disorders (figure 12 on 
page 780 is nice); page 797, fgure 13; and page 831, the summary 
on sonography of chronic pancreatitis. 

The rest of the book is ho-hum and can be put aside for other, 
more edifying works. | recommend The Psychology of Everyday 
Things by Donald Norman or any book by Edward Abbey, an an- 
chorite of no mean persuasion. 


Peter Meyers 
Louisiana State University 
Shreveport, LA 71115 
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Caudate Lobe of the Liver: Anatomy, Embryology, and 


Pathology 


Wylie J. Dodds,’ Scott J. Erickson, Andrew J. Taylor, Thomas L. Lawson, and Edward T. Stewart 


The caudate lobe is a central structure of the liver that 
generally is seen readily on abdominal imaging studies such 
as CT or sonography. Caudate anatomy, however, is complex 
and may cause difficulties in the interpretation of cross- 
sectional images. For this reason, we briefly revew caudate 
anatomy, propose a unifying hypothesis about the embryol- 
ogy of the caudate lobe, and review conditions that may affect 
this hepatic segment. 


Anatomy 


Anatomy texts [1] describe the caudate lobe as a midline, 
vertically oriented hepatic lobe, seen on the posterior aspect 
of the liver separating a portion of the right and left hepatic 
lobes in an H configuration. The horizontal bar of the H 
configuration represents the portal hepatis, which includes 
the horizontal portion of both portal veins. Above the bar is 
the caudate lobe of the liver and below the bar is the medial 
segment, or quadrate lobe, of the left lobe of the liver. 

Although such descriptions delineate the topocraphy of the 
liver, they do not adequately describe the relationship of the 
caudate lobe to the interior of the liver. We suggest that the 
caudate lobe may be envisioned as a midline wedge in the 
sagittal plane, with its tip extending cephalad and its base 
facing the inferior vena cava (Fig. 1). The right, or medial, 
border of the pyramid, via an isthmus, is continuous with the 
parenchyma of the right lobe of the liver (Fig. 2). The anterior 
border of the caudate lobe is separated from the medial 
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segment of the left lobe of the liver by a well-defined fissure 
that contains, at its medial reflection, the ligamentum ven- 
osum. The proximal left portal vein (pars transversa) resides 
at the apex, or reflection, of this fissure (Fig. 3A). Fat in the 
fissure often communicates with fat in the fissure for the 
ligamentum teres, reflecting the fact that embryologically the 
ductus venosus originated at the junction of the left umbilical 
vein and proximal left portal vein. On reaching the anterior 
aspect of the midportion of the caudate lobe, the left portal 
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Fig. 1.—Schematic representation of lateral view of caudate lobe. Over- 
all shape of lobe is similar to a wedge located near midline so that inferior 
vena cava (IVC) forms posterior border of lobe. Anterior border of caudate 
lobe is separated from medial segment of left (L) lobe of liver by fissure 
for ligamentum venosum (FLV). Caudal margin of caudate lobe forms 
cephalad margin, or lintel, of foramen of Winslow, which leads to lesser 
peritoneal sac. Distal margin of caudate lobe is located at junction of right 
and left portal veins. Cephalad part of caudate lobe feathers off into upper 
part of right hepatic lobe at level of middle hepatic vein (MHV}, to which 
the inferior vena cava enters. This level corresponds to level of esopha- 
gogastric junction (EGJ). 
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vein ascends in the intersegmental fissure, or umbilical seg- 
ment of the left portal vein (Fig. 3A). Thus, the posterior 
surface of the proximal left portal vein serves as an accurate 
anatomic boundary of the anterior margin of the caudate lobe. 
The anterior border of the middle third of the caudate lobe 
makes an oblique angle, ranging from 45° to 85° (67 + 8° 
SD), with the mid sagittal plane (Fig. 3B); we measured this 
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Fig. 2.—Schematic representation of frontal view of caudate lobe. Right 
margin of caudate lobe connects to right hepatic lobe by an isthmus; its 
anterior (Ant.) border is formed by fissure for ligamentum venosum. In 
some instances, a papillary process projects from caudal margin of cau- 
date lobe. R = right; L = left; IVC = inferior vena cava. 





Fig. 3.—CT scans through caudate lobe. 
A, Section through caudal or distal margin of caudate lobe 


(c) shows left portal vein (arrow) | 


ET AL. AJR:154, January 1990 


angle in 30 subjects without liver disease. This angle reflects 
the amount of rightward rotation of the liver during its devel- 
opment. The width of the border of the anterior caudate lobe 
decreases progressively in the cephalad direction until the 
caudate lobe gradually disappears cephalad at its apex, which 
is at the levels of the hepatic veins (Figs. 1 and 4) and the 
esophagogastric junction (Fig. 3C). Thus, the caudate lobe 
does not extend into the dome portion of either hepatic lobe. 
The posterior border of the caudate lobe is bound by the 
inferior vena cava, whereas its lateral margin projects into the 
superior recess [2, 3] of the lesser peritoneal sac (Fig. 5). The 
caudal margin of the caudate lobe forms the cephalad margin, 
or lintel, of the foramen of Winslow, the foramen that leads 
to the lesser peritoneal sac [2]. In some instances, the distal 
caudate margin has a papillary process [4] that may be 
mistaken for an enlargec lymph node on abdominal CT 


(Fig. 6). 


Embryology 


Development of the caudate lobe is shrouded in mystery; 
it has been said to develop from either the left or right hepatic 
lobe. The origin of the blood supply to the caudate lobe is 
uncertain. To address this problem, we propose a unifying 
hypothesis about developmental caudate embryology that we 
think clarifies existing anatomic findings in the adult. We 
propose that the key to understanding the development of 
the caudate lobe is the ductus venosus, which in early em- 
bryonic life is suspended within the superior portion of the 
dorsal mesentery of the liver. 

In the early embryo, the primitive gastrointestinal tract, 
including the esophagus, ‘Ss suspended along its length by 
both a dorsal and ventral mesentery [1, 5]. Most of the ventral 


C 


ocated at medial reflection of fissure for ligamentum 


venosum (arrowhead). Joining fissure at this point is fissure for ligamentum teres, reflecting that left umbilical vein and ductus venosus joined left portal 


vein opposite each other during fetal life. A short segment of patent umbilical vein is seen. 
B, Section through middle third of caudate lobe shows fissure for ligamentum venosum (arrowhead), which demarcates anterior margin of caudate lobe 


from medial segment of left hepatic lobe. Fissure for ligamentum venosum forms a 


65° angle with sagittal plane (broken line). Angle reflects extent of 


rightward hepatic rotation because mesentery for ductus venosus was originally in a left parasagittal plane, slightly to left of midline. 


C, Section through cephalad margin of caudate lobe. Caudate lobe disappears at level of esophagogastric junction 


(arrow) and just below union of 


hepatic veins (not seen on this image). Fissure for ligamentum venosum (arrowhead). 
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Fig. 4.—Right parasagittal sonogram of cau- 
date lobe shows echogenic fissure for ligamentum 
venosum (straight arrow), which demarcates an- 
terior border of caudate lobe, whereas inferior 
vena cava demarcates its posterior wall. Cephalad 
extent of caudate lobe ends at level of junction of 
middie hepatic vein (curved arrow) with inferior 
vena Cava. 


Fig. 6.—CT scans show papillar caudate pro- 
cess, which simulates an enlarged celiac lymph 
node in a patient with metastatic liver disease. 

A, Scan through level of origin of celiac artery 
shows 2-cm soft-tissue density (arrow) adjacent 
to hepatic artery. Initially, this density was thought 
to be a diseased lymph node. 

B, Scan 1 cm cephalad clearly shows that soft- 
tissue mass is contiguous with caudate lobe and 
therefore represents papillary process of lobe, 
which normally varies in size and degree of caudal 
projection. Caudate lobe has a narrow isthmus 
interposed between left portal vein and vena cava. 


mesentery disappears, but the liver develops in the ventral 
mesentery, resulting in a dorsal portion of lesser omentum 
with persistence of the gastrohepatic and hepatoduodenal 
ligaments. All vascular structures to the liver that connect to 
posterior structures, such as the aorta or the vena cava, must 
run through the dorsal mesentery of the liver and dorsal 
mesentery of the duodenum to reach the liver. For example, 
the gastrohepatic artery originates from the aorta, but through 
a series of mesenteric twists and foldings, its original mes- 
entery is no longer apparent in the adult. Yet the course of 
this artery and its major branches provides clear evidence of 
the original location of their mesentery [6]. In similar fashion, 
we propose that the ductus venosus originally was sus- 
pended by a dorsal mesentery early in embryologic develop- 
ment (Fig. 7), and part of this mesentery later disappeared. 
The history of this mesentery delineates the development of 
the caudate lobe. At present, there is little argument that a 
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Fig. 5.—CT scans show examples of projection of left caudate margin into superior recess of 
lesser peritoneal sac. 

A, Pseudocyst of superior recess of lesser peritoneal sac. Slightly blunted medial caudate margin 
(arrow) projects into superior recess. Surgical clips are located along lesser gastric curvature. 

B, Diffuse abdominal carcinomatosis from ovarian carcinoma. Seeding involved every intraabdom- 
inal peritoneal surface, including that of entire lesser peritoneal sac. Tumor has caused ceformity 
and scalloping of that part of caudate lobe (arrow) that projects into superior recess of sac 





ligament (within the original mesentery) persists from the 
original ductus venosus in the adult liver [5]. In adults, the 
ligament of the ductus venosus passes through the liver from 
the base of the left portal vein to the vena cava to which it is 
attached [1, 5]. The ligamentum venosum passes between 
the leaves of the original dorsal mesentery of the liver [1]. 
The mesentery persists as the fissure for the ligamentum 
venosum. 

During the second trimester the right umbilical vein be- 
comes atrophic and disappears. The persistent left umbilical 
vein runs in the free margin of the falciform ligament to attach 
at the base of the left portal vein (Fig. 7). From this juncture, 
a large vessel, the ductus venosus, suspended within the 
cephalad portion of the dorsal mesentery of the liver, shunts 
placental blood through the liver to the heart by coursing 
directly to the vena cava or middle hepatic vein near their 
junction with the heart (Fig. 7). 
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Fig. 7.—Schematic representation of left parasagittal section through 
ductus venosus (DV) and vena cava. Most of left hepatic lobe has been 
cut away. Ductus venosus is a continuation of umbilical vein (L Umb V) 
that runs in falciform ligament and joins left portal vein near its junction 
with right portal vein. As a direct extension, ductus venosus passes directly 
to join vena cava. Ductus venosus runs through dorsal mesentery of liver 
near ventral mesentery of esophagus. Note angle formed by junction of 
ductus venosus with inferior vena cava (IVC). Later, dorsal mesentery of 
esophagus retracts, folds, and disappears. Ht = heart; MHV = middle 
hepatic vein; St = stomach. 


We propose that during the second trimester the liver and 
mesentery of the ductus venosus rotate rightward as the liver 
enlarges, so that a small portion of the liver becomes inserted 
behind the mesentery for the ductus venosus, within the 
Sagittally oriented angle formed by the ductus venosus and 
the inferior vena cava (Fig. 8). Subsequently, the extrahepatic 
portion of the ductus mesentery shortens and folds over so 
that the vena cava lies against the spine and there is no 
longer an identifiable complete mesentery between the ductus 
and vena cava (Fig. 8). The ductus venosus becomes oblit- 
erated shortly after birth, and the former ductus venosus 
persists as the ligamentum venosum. Studies in cadavers [1, 
5] have shown that this ligament runs through the liver from 
the base of the left portal vein to attach to the inferior vena 
cava or base of the middle hepatic vein (Fig. 9). 

If correct, our hypothesis accounts for most aspects of 
caudate lobe anatomy in the adult. For example, the anterior 
surface of the caudate lobe is demarcated from the left hepatic 
lobe by the fissure (former mesentery) for the ligamentum 
venosum. Also, the caudate lobe does not belong exclusively 
to either the right or left hepatic lobes, but rather originates 
from a small portion of both hepatic lobes, as the liver rotates 
rightward around and behind the mesentery of the ductus 
venosus (Fig. 7) and a small part of the central liver inserts 
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Fig. 8.—Schematic represen- 
tation of hepatic rotation. During 
second trimester of pregnancy, 
liver rotates rightward. We pro- 
pose that a small portion of liver 
(shaded area) becomes caudate 
lobe and rotates between angle 
formed by the ductus venosus 
and vena cava. Thus, mesentery 
for ductus venosus becomes an- 
terior border for caudate lobe, 
and caudate lobe is formed by 
medial portion of both hepatic 
lobes. Inferior vena cava (IVC) 
forms posterior margin of cau- 
date lobe. R = right; L = left; LDV 
= ligament of the ductus venosus; 
PV = portal vein. 


-Fissure LOV 


between the ductus venosus and vena cava (Fig. 8). The 
proposed hypothesis is also consistent with the general shape 
of the adult caudate lobe and accounts for why the lobe 
feathers off immediately caudad to the esophagogastric junc- 
tion and at the level where the hepatic veins join the vena 
cava near the esophagogastric junction. Last, as the mesen- 
tery for the ductus venosus retracts, the inferior vena cava 
becomes the posterior border for the caudate lobe, and small 
communicating veins pass directly between the caudate lobe 
and the inferior vena cava (Fig. 10) to take up the venous 
drainage for the caudate lobe. The remaining vascular supply 
to the caudate lobe comes from both the right and left hepatic 
arteries and both portal veins, as would be expected if the 
caudate lobe originates from both hepatic lobes. We think 
that our hypothesis provides a solid basis for remembering 
and clarifying anatomy of the caudate lobe and for under- 
standing clinical conditions that involve this lobe. 


Clinical Imaging 
Pitfalls in Imaging Normal Anatomy 


The normal anatomy of the caudate lobe can create several 
pitfalls that may lead mistakenly to a diagnosis of disease. 
First, the caudal margin of the caudate lobe often ends in a 
papillary process that attaches to the caudate lobe by a 
narrow connection [4]. On axial CT scans the connection of 
the papillary process may be missed and the process thereby 
judged to be an enlarged lymph node (Fig. 6). 

Another potential difficulty is that the ligament of the ductus 
venosus and surrounding fat and medial reflection of its 
fissure may give an echogenic focus on sonography, similar 
to that of the ligamentum teres, and thereby suggest a small 
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hyperechoic nodular lesion. The distinguishing feature is lo- 
cation. Last, the anterior border of the fissure for the ligamen- 
tum venosum may act as a strong specular reflector, creating 
the appearance of a hypoechoic lesion [7] behind the reflector 
(Fig. 11). This is avoided by changing the angle of the trans- 
ducer. 


Enlarged Caudate Lobe 


The most common abnormality of the caudate lobe is 
enlargement. Methods of measuring caudate enlargement are 
discussed elsewhere [8]. Caudate enlargement generally oc- 
curs in the setting of primary cirrhosis of any type or is caused 
by venous occlusion (Fig. 12). Cirrhosis often has companion 
findings of right or left lobar atrophy, irregular hepatic contour, 
ascites, and varices (Fig. 12A). With right lobar atrophy, the 
fissure for the ligamentum venosum may rotate counterclock- 


Fig. 9.—Anatomic dissection of liver. Ligamen- 
tum venosum and ligamentum teres attach to left 
portal vein directly opposite to each other. Liga- 
mentum venosum then courses through liver and 
attaches to vena cava or proximal portion of mid- 
die hepatic vein. (Reprinted with permission from 
Moore [5].) 


Fig. 10.—CT scan through middle third of cau- 
date lobe shows an emissary caudate vein (arrow) 
that courses posteriorly directly from caudate lobe 
to inferior vena cava. 


Fig. 11.—Sonogram shows pseudolesions and 
relationship to normal anatomy of caudate lobe. 
Axial section through distal third of lobe shows 
hyperechoic zone (open arrow) caused by fat 
around ligamentum teres. A second smooth hy- 
perechoic area (solid curved arrow) was judged to 
represent a small hemangioma. Caudate lobe pos- 
terior to fissure for ligamentum venosum appears 
hypoechoic (straight arrow), simulating a space- 
occupying lesion. This appearance is caused by 
fat-containing fissure anterior to caudate lobe that 
acts as a high-attenuating specular reflector with 
decreased echogenicity behind reflector. Caudate 
lobe appeared normal when transducer angle was 
changed. 
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wise. In some instances, the gallbladder relocates posterior 
to the liver and bowel interposes in front of the liver. Orien- 
tation of the fissure for the ligamentum venosum also may be 
useful for recognition not only of right lobar atrophy but also 
of volume loss from a partial right hepatic lobar resection. 

Enlargement of the caudate lobe commonly accompanies 
occlusion of the hepatic veins [9], along with patchy areas of 
low and high attenuation on CT (Fig. 12B). The explanation 
given is that the venous drainage of the caudate lobe is 
maintained by emissary veins that pass directly from the 
caudate lobe to the vena cava [9]. Thus, obstruction of the 
hepatic veins causes greater blood flow through the caudate 
lobe and, thereby, hypertrophy of the caudate lobe (Fig. 11B). 
Although the patchy hepatic changes that occur with hepatic 
vein occlusion may occur with chronic right heart failure, right 
heart failure seldom causes enlargement of the caudate lobe. 
Enlargement of the caudate lobe may narrow the intrahepatic 
portion of the vena cava (Fig. 11B). 


inferior vena cava 


ligamentum venosu 


portal vein 


gall biadder 


ligamentum teres 
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Fig. 14.—CT scan shows metastatic lesion 
expanding caudate lobe in a patient with several 
hepatic metastases, one of which expands cau- 
date lobe. Anterior margin of lesion is limited by 
fissure for ligamentum venosum. 
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Fig. 15.—Abdominal CT scan in an alcoholic 
patient with changes in liver function due to 
recent heavy drinking shows enlarged caudate 
lobe. Initial concern was about a caudate tumor; 
however, general appearance of lobe and low 
CT numbers suggested fatty infiltration. Possi- 
bly, remainder of liver is affected by cirrhosis 
and only caudate lobe responded with fatty infil- 
tration related to binge of heavy drinking. 
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Fig. 12.—CT scans show two examples of cau- 
date enlargement. 

A, Alcoholic cirrhosis. Caudate lobe is enlarged 
and left hepatic lobe is atrophic. Ascites is present. 
Portal vein is replaced by multiple small veins 
(arrow) and varices are located in gastrohepatic 
ligament. 

B, Cirrhosis from occlusion of hepatic vein 
(Budd-Chiari syndrome). Caudate lobe is markedly 
enlarged and compresses intrahepatic portion of 
inferior vena cava (arrow). Liver exhibits scattered 
areas of increased and decreased enhancement. 
Hepatic veins are not seen. 


Fig. 13.—Simple cyst in caudate lobe. Well- 
demarcated 1-cm lesion in cephalic portion of cau- 
date lobe was considered to be a cyst on both 
sonography and CT in patient with multiple follow- 
up studies for malignant melanoma. Caudate le- 
sion did not change during a 2-year period. 

A, Parasagittal sonogram shows well-demar- 
cated lesion (arrow) with smooth margins and 
posterior enhancement. 

B, Axial CT scan through cephalic portion of 
caudate lobe shows a 1.5-cm hypodense lesion 
(arrow) that corresponds to lesion seen on sonog- 
raphy. 





Fig. 16.—CT scan after an automobile accident 
shows horizontal fracture of caudate lobe (arrow). 
Also seen are a splenic fracture and a diffuse 
hemoperitoneum. 
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Focal Lesions 


Focal lesions similar to lesions elsewhere in the liver may 
involve the caudate lobe. For example, the caudate lobe may 
harbor a simple cyst (Fig. 13), primary tumor, metastatic lesion 
(Fig. 14), or abscess. Fatty infiltration confined to the caudate 
lobe (Fig. 15) may simulate a tumor. Traumatic fracture of the 
caudate, although rare, may occur (Fig. 16). 
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Videotape Review 





RSNA Today, Vol. 3, No. 3. Oak Brook, IL: The Radiological Society of North America, 1989. $75; by subscription, 
4 issues annually at $225 for RSNA members and $275 for nonmembers (VHS videotape) 


After a somewhat halting start, the videotapes produced by the 
Radiological Society of North America have seemed to hit their stride 
in volume 3, number 3, clearly the best effort to date. The tape 
contains four subjects of contemporary interest, all of which have 
reached the point of general acceptance so the material represents 
both new information for some and state-of-the-art presentations for 
others. 

The first segment by Lawrence Needleman, John J. Cronan, and 
William J. Zwiebel covers sonography of deep venous thrombi. It is 
well organized and has excellent images to illustrate the basic points 
made. In comparison with some previous presentations, the partici- 
pants appear relaxed and project the image of an informal seminar in 
any radiology department. The discussion is complete, including 
important clinical comparisons, and the discussions go even further 
in describing the total technique in areas in which this examination 
could be performed if all the latest equipment is not available. This is 
a presentation that should be shown to the vascular surgeons in any 
hospital, as | think radiologists now have gotten the message, and it 
is important that the referring physicians understand our present 
attitude. 

Flavio Castaneda gives an excellent presentation on transurethral 
balloon dilatation of the prostate. It starts with an excellent detailed 
demonstration of the technique used, continues with good discussion 
of indications and contraindications, and finishes with a convincing 
discussion of the results of the technique and the comparison of this 
method with transurethral prostatic resection. It is presented hon- 
estly, even showing the rather formidable hemorrhage that occurs 
during the procedure. 

Donald Resnick in his discussion of arthrography of the wrist gives 
his usual excellent background material with schematic drawings of 
the anatomy of the wrist and superior cross sections of anatomic 
specimens to help in understanding the method. He describes the 
entire technique quite well so that it would be possible to follow his 


directions and perform these studies even if a person never had seen 
or done one before. He discusses the advantages of digital subtrac- 
tion arthrography and also compares the work with MR imaging of 
various joints. Dr. Resnick is willing to concede that MR is replacing 
arthrography as the diagnostic method of choice for the knee but 
thinks that it has not reached that point for the wrist. 

In this issue of RSNA Today, a new feature has been added called 
Imaging Insights. In this short segment, Anthony V. Proto discusses 
the normal apical opacity, which is seen in chest films and which he 
shows quite convincingly to represent the subclavian artery shadows. 
The images are excellent, and the anatomic correlation is superior. 
Not satisfied with a simple discussion of the anatomic findings, Dr. 
Proto presents some excellent images to show what is normal and 
what is abnormal, and the viewer gets a much better understanding 
of this finding. 

The videotapes produced as part of the RSNA Today project have 
become increasingly better, both in terms of the subjects chosen and 
the style in which they are presented. This tape is clearly the best of 
the ones produced so far and probably gives some indication of the 
good things ahead. The introduction of the Imaging Insights feature 
is a master stroke, and | predict it will become the most popular part 
of this series in the issues ahead. 

Last, but not least, the producers have included information with 
this tape that indicates that they will be reducing the price of the 
videotape so that no radiology department should be without one. 
The information is practical yet advanced, and the presentation is 
superior. The price is such that even solo practitioners should sub- 
scribe to this series in the same way they would purchase a new 
journal or textbook. 
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Gastrointestinal Complications of 
Cytosine-Arabinoside 
Chemotherapy: Findings on Plain 
Abdominal Radiographs 





We analyzed the findings on plain abdominal radiographs in 24 patients who had 
adverse gastrointestinal reactions after chemotherapy with cytosine-arabinoside (Ara- 
C) for treatment of acute leukemia or non-Hodgkin lymphoma. Ara-C was given with 
vincristine, VP 16-213, daunorubicin, amsacrine, adriamycin, or corticosteroids invarious 
combinations and dosages. The abnormalities noted on plain abdominal radiographs 
included paralytic ileus (73%), cecal distension (38%), pneumatosis intestinalis (27%), 
thickened loops of small bowel (19%), and pneumoperitoneum (8%). One patient had 
small-bowel ileus simulating an obstruction. In 23%, death was directly related to 
gastrointestinal complications. Bowel wall erosions, necrosis, and transmural or sub- 
mucosal hemorrhage were the main findings at autopsy. 

This experience suggests that plain abdominal radiographs are useful in the diagnosis 
of gastrointestinal complications associated with chemotherapy with Ara-C. 


AJR 154:95-98, January 1990 


The rapidly proliferating epithelium of the gastrointestinal tract is particularly 
sensitive to the cytostatic drugs used in cancer chemotherapy. Nausea, vomiting, 
and diarrhea are common side effects. Usually they are of relatively minor clinical 
importance and are not severe enough to interrupt treatment. However, chemo- 
therapy also may Cause severe and sometimes life-threatening adverse gastroin- 
testinal reactions such as paralytic ileus, peritonitis, and hemorrhage. Many of 
these patients are being treated for acute leukemia and have profound granulocy- 
topenia after aggressive combination chemotherapy that usually includes cytosine- 
arabinoside (Ara-C) [1-4]. 

Because Ara-C is considered one of the most important drugs for the treatment 
of acute leukemia and non-Hodgkin lymphoma, it is important to be aware of the 
comp ications that may occur in patients treated with this drug. There are several 
reports in the literature that mention Ara-C as a cause of severe gastrointestinal 
complications [2, 5-7]. These studies are confined to the clinical aspects of this 
compiication. 

We reviewed the plain abdominal radiographic abnormalities in 24 patients with 
gastrointestinal complications related to Ara-C therapy and correlated these with 
the clinical findings. 


Subjects and Methods 


Between 1982 and 1987, 211 adult patients were treated with chemotherapy that included 
Ara-C. Ara-C is the basic antineoplastic agent for acute myelogeneous leukemia, acute 
lymphoblastic leukemia, and high-grade malignant non-Hodgkin lymphoma. The 211 patients 
received a total of 461 courses of treatment. 

Ara-C was used in either a standard dosage (200 mg/m? for 7 days), an intermediate 
dosage (1 g/m*, twice daily for 4-6 days), or a high dosage (3 g/m°, twice daily for 4 days) in 
combination with either vincristine (2 mg daily for 1 or 2 days), VP 16-213 (120 mg/m? daily 
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for 2 days), daunorubicin (45 mg/m* daily for 1-3 days), amsacrine 
(115 mg/m* daily for 1 or 3 days), adriamycin (25-40 mg/m? for 1 or 
2 days), or corticosteroids (prednisone, 60 mg/m? for 5-7 days) in 
various combinations. 

Adverse gastrointestinal reactions were considered present if ab- 
dominal symptoms developed during or after a course of chemother- 
apy that included Ara-C. Complications included ileus, peritonitis, and 
intestinal hemorrhage. Ileus was defined as the presence of a dis- 
tended abdomen with alteration of bowel sounds and distended 
bowel loops on abdominal radiographs. Peritonitis was considered 
present if rebound tenderness was seen on palpation of the abdomen, 
with or without abdominal rigidity. Intestinal hemorrhage was defined 
as the presence of rectal bleeding sufficient to require blood trans- 
fusion. On the basis of these criteria, 40 (9%) or the 461 courses 
were considered to be complicated by gastrointestinal side effects in 
36 patients. lleus occurred in 18 therapy courses, peritonitis in 16, 
and hemorrhage in six. 

Abdominal radiographs were available in 26 complicated courses 
of 24 patients; two patients are included with two separate episodes 
of abdominal gastrointestinal complication after repeated remission- 
induction therapy for recurrence of acute leukemia. The decision to 
obtain a plain film was based solely on the clinical findings. 

The patients with abdominal radiographs included 13 women and 
11 men ranging from 15 to 63 years old (mean, 38 years). Fifteen 
patients had acute myeloid leukemia, five had acute lymphoblastic 
leukemia, and four had non-Hodgkin lymphoma. 

In eight patients, remission-induction courses included a standard 
dosage of Ara-C (200 mg/m’ daily for 7 days); in five patients this 
was used in combination with vincristine (2 mg for 1 day) and 
daunorubicin (45 mg/m* for 3 days) and in three patients with dau- 
norubicin (45 mg/m* daily for 3 days). An intermediate dosage of Ara- 
C (1 g/m*, twice daily for 6 days) was given in 15 patients to induce 
remission: eight patients received Ara-C in combination with amsa- 
crine (115 mg/m? daily for 3 days in five patients and for 1 day in 
three patients); five patients in combination with adriamycin (25-40 
mg/m? daily for 2 days), vincristine (2 mg daily for 2 days), and 
prednisone (60 mg/m* daily for 7 days); and the remaining two 
patients received additionally amsacrine (120 mg/m’ daily for 2 days), 
VP 16-213 (120 mg/m* daily for 2 days), and prednisone (60 mg/m? 
daily for 7 days). A high dosage of Ara-C (3 g/m*, twice daily for 4 
days) was administered in one patient in combination with amsacrine 
(115 mg/m? daily for 2 days), vincristine (2 mg for 2 days), and 
prednisone (60 mg/m? for 5 days). In one patient, remission-induction 
therapy was given with high dosage Ara-C alone (3 g/m’, twice daily 
for 6 days). One patient received consolidation therapy with high- 
dosage Ara-C (2 g/m* twice daily for 5 days) and vincristine (2 mg for 
1 day). 

In these 26 courses, the major abdominal complication was para- 
lytic ileus in 18 cases, peritonitis in seven cases, and intestinal 
hemorrhage in one. The clinical signs appeared between 3 and 24 
days (mean, 14 days) after start of chemotherapy. All patients had 
granulocytopenia (<500/mm°). Clinical abdominal findings included 
diarrhea (52%), abdominal pain (61%), and abdominal distension 
(74%) with rebound tenderness (57%) and muscular rigidity (13%). 
Other clinical symptoms were rectal bleeding (13%), sepsis (39%), 
and shock (22%). In 27% of the treatment courses, adverse gastroin- 
testinal and pulmonary reactions were seen. 

All patients were treated with bowel rest, total parenteral nutrition, 
and broad-spectrum antibiotics. In the terminal phase, one patient 
underwent a percutaneous surgical cecostomy for decompression of 
a distended cecum with a diameter of 16 cm. 

Follow-up films were available in 13 patients. Death related to the 
gastrointestinal complications occurred in 23% (6 of 26) of the com- 
plicated therapy courses. The plain abdominal films were correlated 
with the clinical data. 
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Results 


The most common finding in the 26 treatment courses was 
a paralytic ileus (73%) (Fig. 1). The amount of distension of 
the bowel loops was 2-7 cm (mean, 4 cm) for the small bowel 
and 6-10 cm for the large bowel. The diameter of the cecum 
was between 5 and 16 cm (mean, 10 cm) (Fig. 2). In 38%, 
distension of the cecum of 10 cm or more was found. This 
persisted for 2-5 days and in one case for 12 days. 

Thickening of bowel loops was found in five patients (19%) 
(Figs. 1 and 3). This usually involved the small bowel (15%) 
and was associated with a paralytic ileus. Distension of the 
small bowel with thickening of the bowel wall in one patient 
simulated mechanical obstruction on the plain film (Fig. 4). In 
seven patients (27%), pneumatosis intestinalis was seen. In 
two of the seven patients with pneumatosis intestinalis (Fig. 
5), pneumoperitoneum (8%) was found; one patient had par- 
alytic ileus and the other had gastrointestinal hemorrhage. 
Two patients had mild pneumatosis of the stomach. In two 
patients with clinical sign of peritonitis, plain films were normal. 

Improvement after initial progression was seen in 50% 
(13/26) of the abdomina radiographs. In 12% (3/26), the 
findings remained constant initially and then symptoms re- 
gressed and the patients recovered completely. In the patients 
who survived, the plain films returned to normal within 10-23 
days (mean, 17 days). 

In 23% (6/26), the complicated courses were fatal (Fig. 3). 
Two (29%) of the seven patients who suffered from both 
pulmonary and gastrointestinal complications died. The pa- 
tients died between 1 and 9 days (mean, 5 days) after the 
beginning of the adverse reactions. 

In three cases, autopsy results were available. Autopsy in 
a 49-year-old man with acute myeloid leukemia and radio- 
graphic features of a paralytic ileus showed ulcers with sub- 
mucosal hemorrhage in the colon and stomach. Erosive gas- 
tritis with transmural hemorrhage and hemorrhagic ascites 
were the main autopsy findings in a 56-year-old man who 
died from adverse reactions to Ara-C. Surprisingly, the small 
and large bowels showed no gross abnormalities. In this 
patient, the plain radiographs showed paralytic ileus, cecal 
distension, pneumatosis coli, and pneumoperitoneum. Clinical 
signs in this patient were diarrhea, abdominal tenderness, 
pain and distension with rectal bleeding, and pulmonary ad- 
verse reactions to Ara-C. The third patient, a 30-year-old man, 
died with symptoms of diarrhea, abdominal distension, and 
pulmonary complications. The premortem radiographs 
showed paralytic ileus. Autopsy showed distention of small 
and large bowel with petechiae and necrotic changes in the 
small bowel. 


Discussion 


Cytosine arabinoside (Ara-C), a pyrimidine nucleoside ana- 
log that produces rapid and potent inhibition of DNA synthesis 
in mammalian cells, is important in the therapy for acute 
leukemia and non-Hodgkin lymphoma [5]. Side effects com- 
monly seen with Ara-C are bone marrow depression, fever, 
rashes, nausea, vomiting, diarrhea, keratoconjunctivitis, myal- 
gia and arthralgia, and liver-function abnormalities. The fre- 
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Fig. 1.—43-year-old woman with 
acute myeloid leukemia had a dis- 
tended abdemen with alteration of 
bowel sounds 7 days after start of ther- 
apy with standard dosage cytosine-ara- 
binoside. Plain abdominal radiograph 
shows distension of large and small 
bowels consistent with radiologic di- 
agnosis of paralytic ileus. CT scan 
showed diffuse thickening of wall of 
cecum, ascending colon, and sigmoid. 
Patient recovered after conservative 
therapy. 


Fig. 2.—Signs of peritonitis and rec- 
tal bleeding occurred in a 49-year-old 
man with acute myeloid leukemia 18 
days after start of treatment with stand- 
ard dosage cytosine-arabinoside. Plain 
film shows gross distension of cecum 
with a diameter of 16 cm (arrows) con- 
sistent with radiologic diagnosis of a 
cecal ileus. Percutaneous cecostomy 
was performed for decompression. Se- 
vere pulmonary bleeding developed 
subsequently and patient died. Au- 
topsy was not performed. 


Fig. 3.—19-year-old woman with 
acute myeloid leukemia had peritonitis 
17 days after start of therapy with in- 
termediate dosage cytosine-arabino- 
side. Plain film shows distension and 
thickening of small bowel loops with 
flattening (arrows) of mucosal surface 
of small bowel caused by diffuse 
edema of the bowel wall due to ulcer- 
ations and necrosis. Patient died of this 
complication. Autopsy was not per- 
formed. 


Fig. 4.—55-year-old man with non- 
Hodgkin lymphoma had gastrointes- 
tinal symptoms 3 weeks after chemo- 
therapy with an intermediate dosage 
cytosine-arabinoside. Plain film shows 
distension of small-bowel loops simu- 
lating a smail-bowel obstruction and 
radiologic diagnosis of a mechanical 
ileus. Mild thickening of wall of small- 
bowel loops also is noted. Patient re- 
covered spontaneously after conserv- 
ative therapy. 


quency anc severity of some of these side effects are related 
to the dosage and duration of Ara-C administration [6]. Pul- 
monary and severe gastrointestinal complications are the 
most serious side effects of Ara-C, with mortality rates of 
13% and 23%, respectively (unpublished data) [8]. These side 
effects may be seen concomitantly during the same treatment 
course. 

Although it has been shown in animal and clinical studies 
that Ara-C has a direct toxic effect on the mucosa of the 
alimentary tract, the pathogenesis of severe abdominal com- 
plications is probably multifactorial [7, 9, 10]. 

It has been postulated that during neutropenia, microorga- 
nisms may invade bowel wall that has been damaged by the 
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cytostatic drugs. This may lead to necrotizing inflammatory 
changes of the bowel wall. Local or diffuse irregular thickened 
mucosal folds, effacement, and rigidity of bowel loops may 
be found on the plain abdominal radiographs. This was seen 
in 19% of our cases and involved mostly small bowel. When 
this condition is confined to the cecum, it usually is referred 
to as typhlitis [1-4, 11, 12]. This may be complicated by cecal 
distension, as was seen in 38% of our patients. In severe 
cases, necrosis may lead to perforation and death. The de- 
tection of pneumoperitoneum is therefore important in these 
patients. 

Clinical signs of peritonitis also were present in several 
patients with paralytic ileus. Paralytic ileus was found i1 73% 
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Fig. 5.—55-year-old man with non-Hodgkin lymphoma had diarrhea 10 
days after treatment course containing high dosage cytosine-arabinoside 
(Ara-C) and steroids. Patient also had pulmonary complications due to Ara- 
C treatment. Plain film shows diffuse pneumatosis intestinalis with pneu- 
moperitoneum. Patient survived after conservative treatment. 


of our patients. These findings are the result of diffuse bowel 
wall changes as an effect of Ara-C. This is shown on plain 
abdominal films, which showed paralytic ileus together with 
thickening of the bowels in several of our patients. Thickening 
of bowel wall is caused not only by ulcerative and necrotic 
inflammatory changes of the bowel wall, but also by hemor- 
rhage as was shown in our autopsy cases. 

The other drugs used to treat these patients also should 
be considered as possible causes of the gastrointestinal 
complications. 

Vincristine, one of the drugs used in combination with Ara- 
C, also may result in paralytic ileus and constipation [13, 
14]. 

Steroids are described as capable of inducing pneumatosis 
coli by depleting lymphoid tissue in the distal ileum and right 
colon, with breaching of the mucosa allowing intestinal gas 
to dissect submucosally [15]. This complication usually oc- 
curs in children. Pneumatosis intestinalis was shown in 27% 
of the plain abdominal films. In this study, no relationship was 
found with the use of steroids. Free peritoneal air may be 
found along with the pneumatosis. 

Although the role of all individual drugs is hard to determine, 
it has been shown that the combination of high dosage Ara- 
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C for 6 days and amsacrine for 3 days is strongly associated 
with severe abdominal complications (unpublished data). 

The radiologic findings in our series are in accordance with 
those described for patients undergoing chemotherapy who 
developed severe abdominal complications [1, 3, 11]. The 
management of the severe abdominal complications with 
surgical and medical treatment is controversial, with greatly 
varying reported mortality rates. In our series, the mortality 
rate with medical treatment was 23%. Our experience sug- 
gests that plain abdominal radiographs are useful in the 
diagnosis of gastrointestinal complications associated with 
chemotherapy with Ara-C. 
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Diagnosis of Bowel Infarction: 
A Comparison of Plain Films and CT Scans 
in 23 Cases 





Michael J. Smerud'? We retrospectively reviewed abdominal CT and plain film findings in 23 proved cases 
C. Daniel Johnson' of mesenteric infarction to compare the value of the two techniques. Criteria considered 
David H. Stephens’ specific for infarction on CT were identified in nine (39%) of 23 patients and comprised 
pneumatosis in seven patients (30%), mesenteric or portal venous gas in three patients 
(13%), and focally thick-walled bowel in two patients (9%). Criteria considered specific 
for bowel infarction on plain films were identified in seven (30%) of 23 patients and 
comprised focally edematous bowel in six patients (26%) and pneumatosis intestinalis 
in one patient (4%). Only one patient had specific changes on both CT and plain films, 

but 15 (65%) of the 23 showed specific changes on at least one study. 

The results indicate that plain films remain an important tool in patients suspected of 
mesenteric infarction and can provide information that is complementary to CT. Also, as 
both studies were nonspecific in eight (35%) of our patients, negative or nonspecific 
findings should not deter further diagnostic or interventional procedures in patients in 
whom the clinical suspicion of bowel infarction is high. 
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The early diagnosis of mesenteric infarction remains a difficult clinical and 
radiographic problem. Nonspecific clinical presentation combined with normal or 
nondiagnostic radiographs early in the course of the disease give little clue to 
diagnosis until bowel gangrene with associated high mortality has occurred. 

Recent reports [1-4] have suggested that abdominal CT, with its ability to 
visualize bowel wall thickening, bowel dilatation, pneumatosis, and abdominal 
vascular gas, could lead to earlier diagnosis of bowel infarction. In fact, CT has 
been suggested as the procedure of choice in evaluating patients with suspected 
bowel necrosis [3]. The purpose of this study was to compare the efficacy of CT 
with that of abdominal plain films in 23 patients with proved bowel infarction. To 
our knowledge, this is the largest reported comparison of this type to date. 


Materials and Methods 


A search of the Mayo Clinic’s medical and Surgical registry between 1978 and 1988 
revealed 344 patients in whom a diagnosis of bowel infarction was confirmed by surgery or 
autopsy. Twenty-three of these patients had CT scans made within 48 hr of surgery or death. 
Twenty-two patients had plain abdominal radiographs and one had a Hypaque (Winthrop- 
Breon, New York, NY) enema performed within 24 hr of the CT scan. All patients were 
symptomatic at the time of the radiologic studies. Of the 23 patients, 14 died as a result of 
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© American Roentgen Ray Society case each of septic shock, necrotizing pancreatitis with pancreatic abscess, and severe 


100 SMERUD ET AL. 


trauma with multiple areas of mesenteric injury. Seven patients (30%) 
had venous obstruction causing bowel necrosis. Five of the seven 
had strangulated bowel (three closed-loop small-bowel obstructions 
caused by adhesions and two incarcerated hernias). One patient 
recently had undergone a pneumonectomy for lung cancer. One 
patient had no contributing medical condition. Six patients (26%) had 
no definite arterial or venous obstruction identified, and necrosis was 
considered to be caused by low-flow states. Four had recent, docu- 
mented prolonged episodes of systemic hypotension, two after myo- 
cardial infarction and two postoperatively. Two patients had severe 
congestive heart failure. 

All 23 CT scans were obtained on Picker 600 and 1200 CT units 
(Picker International, Highland Heights, OH) and were of diagnostic 
quality. Ten-millimeter collimation was used at 10- or 15-mm intervals. 
Contrast material was administered IV in 10 of the 23 patients and 
orally in 22 of these patients. The method of IV administration of 
contrast material varied considerably depending on the wishes of the 
attending radiologist, but in general a 50-mI bolus was followed by a 
rapid drip of 100 ml of 60% contrast material. Dynamic incremental 
CT scanning was not performed. Abdominal radiographs obtained 
with the patient supine were reviewed in all patients. Films obtained 
with the patients upright were available for review in 11 patients, and 
five patients had abdominal studies performed in the lateral decubitus 
or cross-table positions. 

All CT studies and conventional radiographic examinations were 
reviewed retrospectively. Three radiologists reviewed the studies 
jointly and observations were made on a consensus basis. CT studies 
were specifically analyzed for the presence of intramural, mesenteric, 
or portal venous gas; thrombus in mesenteric vessels; diffuse or focal 
bowel wall thickening; mesenteric edema; and ascites. Thick-walled 
bowel was defined as greater than 3 mm in thickness in an area 
where the bowel was adequately distended. Bowel wall thickening 
was regarded as focal when a segment of small bowel or colon was 
at least 2 mm thicker than more proximal or distal segments of the 
same organ. Colon was considered dilated when the diameter was 
greater than 8 cm, and small bowel was considered dilated when 
greater than 2.5 cm in diameter. Mesenteric edema was defined as 
a diffuse increase in density throughout the mesentery with thickening 
and indistinctness of the normally sharply defined mesenteric vascu- 
lature [5]. The presence of either intramural gas, mesenteric or portal 
venous gas, or a focally thick-walled bowel loop was considered 
indicative of ischemia on CT scans. Conventional plain film and 
contrast examinations were analyzed for portal gas, intramural gas, 
and for the presence of focally dilated thick-walled bowel loop(s). The 
presence of any of these three findings was considered indicative of 
ischemia. 


Results 
CT Scans 


Diffuse or focal bowel-wall thickening was identified in 13 
(56%) of 23 patients. The segments of bowel wall thickening 
that were identified on CT corresponded to areas of infarcted 
bowel in 12 patients, but in one patient those segments did 
not correspond with the pathologically proved area of infarc- 
tion. Thickening was regarded as diffuse in 11 patients and 
as focal in two (Table 1). 

Thirteen patients (56%) had focally dilated loops of bowel. 
In 11 of these patients, the dilated segments corresponded 
to the areas of bowel infarction; in two patients, the dilated 
bowel loops had no relation to necrotic areas. In three patients 
(13%), the bowel dilatation resembled mechanical small-bowel 
obstruction. Three additional patients (13%) had only diffuse 
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dilatation of large and small bowel, compatible with adynamic 
ileus. Mesenteric edema was present in 10 patients (43%). 

Ascites also was identified in 10 patients (43%), and pleural 
effusions were seen in eight patients (35%). Pleural effusions 
were bilateral in four patients (17%). One patient (4%) had 
thrombus in the superior mesenteric artery. 

Only seven (30%) of 23 patients exhibited intramural gas 
on CT scans. It was seen in infarcted bowel segments in all 
cases. Three patients (13%) had mesenteric venous or portal 
venous gas in addition to intramural gas. 

Overall, according to our criteria, the CT studies were 
suggestive of bowel infarction in nine patients: seven patients 
with intramural gas and two patients with focally abnormal, 
edematous loops of bowel. CT sensitivity was 39%. 


Abdominal Radiographs 


Of the 23 patients with abdominal radiographs, findings in 
six patients (26%) were considered normal. Adynamic ileus 
was present in five patients (22%). Abnormal edematous thick 
folds were seen in six patients (26%). The site of bowel wall 
thickening correlated with the site of pathologic necrosis in all 
patients. One patient (4%) had an unusual gas collection 
suggestive of abscess, and intramural gas was shown in one 
patient (4%). In this patient, the location of intramural gas 
corresponded to the site of infarction (Table 2). Mechanical- 
appearing small-bowel obstruction was noted in four patients 
(17%). 

Conventional studies were thought to be suggestive of 
bowel infarction in seven of 23 cases, for a sensitivity of 30%. 
This included six patients with focally thickened edematous- 
appearing bowel loops and one patient with intramural gas. 


TABLE 1: CT Findings in Mesenteric Infarction in 23 Patients 


ee Eel 


CT Findings No. of Patients (%) 
Bowel wall thickening 13 (56) 
Diffuse 11 (48) 
Focal* 2 (9) 
Dilated bowel (segmental) 13 (56) 
Mesenteric edema 10 (43) 
Ascites 10 (43) 
Intramural gas* £ (30) 
Pleural effusions 8 (35) 
Adynamic ileus 3 (13) 
Mesenteric/portal venous gas* 3 (13) 
Occlusion mesenteric vessel 1 (4)° 


a Findings considered diagnostic of ischemia. 
> Only 10 patients received IV contrast material. Therefore, 10% of the 
patients receiving IV contrast material showed vessel occlusion. 


TABLE 2: Abdominal Plain Film Findings in Mesenteric 
Infarction in 23 Patients 


Finding No. of Patients (%) 
Normal 6 (26) 
Focally thickened bowel’ 6 (26) 
Adynamic ileus 9 (22) 
Small-bowel obstruction 4 (17) 
Abscess 1 (4) 
Intramural gas® 1 (4) 


———e | 


a Findings considered diagnostic of ischemia. 
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Pleural effusions were identified on radiographs in one of 
the eight patients in whom pleural fluid had been identified on 
CT scans, and ascites was suspected in three of the 10 
patients in whom ascites was confirmed with CT. Intramural 
gas was seen in only one of the seven patients in whom it 
was diagnosed at CT. Portal or mesenteric vencus gas was 
not identifiable on any of the conventional radiographs. 

Of the 23 patients with both studies available, only one 
patient had findings suggestive of bowel necrosis on both CT 
and conventional studies (Fig. 1). Eight patients had CT 
findings suggesting bowel necrosis but had nonspecific find- 


Fig. 1.—Plain film and CT scan both diagnos- 
tic for mesenteric infarction. Patient was a 5- 
year-old boy with small-bowel infarction due to 
closed-loop obstruction caused by adhesions 
from a previous surgery. 

A, Plain abdominal film shows intestinal pneu- 
matosis (arrows). 

B, CT scan obtained same day shows intra- 
mural gas in dilated small-bowel loop (arrows). 


Fig. 2.—Abdominal plain film nonspecific; CT 
scan diagnostic of bowel necrosis. Patient was 
a 68-year-old woman with small-bowel infarction 
due to low-flow condition after an acute myocar- 
dial infarction. 

A, Plain film shows only nonspecific dilatation 
compatible with ileus. 

B, Abdeminal CT scan obtained same day 
shows intestinal pneumatosis (arrowheads) and 
mesenteric venous gas (arrows). 


Fig. 3.—Abdominal film diagnostic of bowel 
infarction; nonspecific CT scan. Patient was an 
81-year-old woman with 25 cm of necrotic small 
bowel due to closed-loop obstruction caused by 
adhesions. 

A, Abdeminal plain film shows irregular bowel 
wall thickening suggestive of edema in small- 
bowel loops (arrows). 

B, CT scan obtained same day shows small- 
bowel dilatation and mesenteric edema (arrows) 
but no specific evidence of intestinal necrosis. 
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ings on conventional radiographs (Fig. 2), whereas six patients 
had findings on plain or enhanced films that suggested bowel 
necrosis but had normal or nonspecific findings on CT (Fig. 
3). Fifteen patients (65%) had findings suggestive of bowel 
infarction when both examinations were combined (Table 3). 
By adding plain films to CT scans, we identified 30% (95% 
confidence levels = 10-48%) more of the patients with bowel 
infarction than with CT alone. In eight patients (35%) with 
both types of studies available for review, both CT and 
conventional findings were thought to be normal or -00 non- 
specific to diagnose ischemic bowel. 
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TABLE 3: Specificity of CT and Abdominal Radiographs in 23 
Patients 











Abdominal CT 

Radiographs Diagnostic Nonspecific 
Diagnostic 1 6 
Nonspecific 8 8 





No specific pattern of CT findings was present when pa- 
tients were categorized on the basis of the underlying path- 
ogenesis of their bowel infarction. 


Discussion 


The early diagnosis of bowel necrosis is difficult. Clinical 
findings are varied, and findings on plain abdominal radio- 
graphs and contrast studies are often normal or nonspecific. 
The classic findings of intramural and portal venous gas occur 
in only a minority of patients, usually late in the disease. 

The advent of CT, with its ability to visualize the abdominal 
vascular structures as well as bowel wall changes, raised 
hopes of earlier and more specific diagnosis of mesenteric 
infarction. Initial case reports [6-8] showed the utility of CT 
in identifying thrombus in mesenteric arteries and veins. Ad- 
ditional studies [1-4, 9] have reported variable results in CT 
detection of intravascular gas (9-86%), intramural gas (22- 
73%), and bowel wall thickening (26-91%) (Table 4). CT was 
found to be more sensitive than conventional radiographs and 
was recommended as the imaging technique of choice in 
patients suspected of having intestinal ischemia, infarction, or 
both [3]. 

Our retrospective analysis of 23 patients is similar to the 
study by Alpern et al. [9], the only other retrospective review. 
The reason for the discrepancy between the other studies 
and the study by Alpern et al. and our own study is probably 
the methodology by which the cases were collected. Most of 
the previous studies were composed primarily of patients with 
CT findings suggestive of bowel necrosis, so that the false- 
negative studies had been excluded from analysis. Only the 
data from Alpern et al. and our own data encompass all 
patients with pathologically proved bowel necrosis and, 
hence, our false-negative numbers are significantly greater 
than those from earlier studies. 

Most of the findings identified on CT (mesenteric edema, 
ascites, pleural effusion, and bowel dilatation) are nonspecific, 
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being seen in a variety of inflammatory, neoplastic, metabolic, 
or circulatory disorders. Bowel wall thickening also is nonspe- 
cific and may be noted in neoplastic or inflammatory condi- 
tions as well as ischemia. In our series, one of the 13 patients 
with this finding had areas of bowel wall thickening that were 
not related to the proved areas of infarction. This patient had 
marked peritonitis at the time of surgery, and the wall thick- 
ening probably occurred on an inflammatory rather than an 
ischemic basis. 

The most specific ischemic changes identified on CT are 
intramural gas and gas in the splanchnic and portal vascula- 
ture. Although benign pneumatosis may occur, in our study 
population we found intranaural gas to be extremely helpful in 
establishing the diagnosis of bowel necrosis in seven of the 
10 cases in which we considered CT findings to be suggestive 
of bowel necrosis. The pneumatosis ranged from small dis- 
crete cystlike collections to more extensive curvilinear or even 
circular regions of intramural gas. Although it has been stated 
[10] that benign pneumatosis is more commonly seen as 
coarse, bubbly gas collections, three of our seven patients 
had this type of intramural gas, and in all cases the pneuma- 
tosis corresponded to the anatomic region of infarcted bowel. 
Because of this, in the proper clinical setting, CT detection of 
pneumatosis of any type should raise the question of bowel 
ischemia. 

Portal or mesenteric venous gas is also a specific indicator 
of bowel necrosis. In our series, all three of the patients who 
had these findings also hac intramural gas. Although mesen- 
teric and portal venous gas is a striking finding, it did not 
occur alone. Intramural gas appears to be an equally specific 
and more sensitive finding. 

Although CT is an outstanding technique for evaluation of 
the abdomen, it showed normal or nonspecific findings in 61% 
of the patients in our series. Because of this, in the proper 
Clinical setting, even nonspecific CT findings should be con- 
sidered worrisome for bowel infarction, especially if an ob- 
vious cause for the patient's symptoms is not identified with 
CT. 

We were unable to identify any pattern of CT findings when 
the patients were categorized on the basis of the cause of 
their bowel necrosis. There was a fairly uniform distribution 
of CT findings in all categories. The number of patients in 
each category was small, however, and larger sample sizes 
may provide more significant information. 

Plain film findings are also often nondiagnostic in bowel 
infarction, usually showing a normal abdomen, adynamic 


TABLE 4: Summary of Studies of CT Findings in Bowel Infarction 





Mesenteric 
or Portal 
SUY Fe Venous 
Gas 

Federle et al. [1] 7 6 (86%) 
Clark [2] 22 6 (27%) 
Lund et al. [3] 14 5 (36%) 
Perez et al. [4] 11 1 (9%) 
Alpern et al. [9] 23 3 (13%) 
Smerud et al. 23 3 (13%) 





Intramural sti Bowel 
Gas Thickening Dilatation 
5 (71%) 4 (57%) 7 (100%) 

11 (50%) 19 (86%) 3 (14%) 
8 (57%) 9 (64%) 10 (71%) 
8 (73%) eden 9 (82%) 
5 (22%) 6 (26%) 13 (56%) 
7 (30%) 3 (56%) 13 (56%) 
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ileus, or mechanical small-bowel obstruction. In 26% of our 
patients, however, a bowel loop with thickened mucosal folds 
was identified. In five of these patients, the small bowel was 
focally abnormal and the sixth patient had thumbprinting and 
dilatation of the ascending colon. CT showed specific findings 
in only ane of these cases. Intramural gas, conversely, was 
seen in only one patient on plain films, whereas CT was much 
more sensitive in identifying this finding. 

In one patient, findings suggestive of abscess were noted 
on abdominal radiographs. CT examination of this patient 
showed no abscess and no specific changes of bowel infarc- 
tion. 

CT and plain film examinations of the abdomen are comple- 
mentary. CT alone was considered diagnostic in 39% of the 
23 patients. Plain film evaluation of the abdomen alone was 
Suggestive of bowel infarction in 30% of patients, but 65% of 
patients had either a conventional radiographic study or a CT 
Study that was suggestive of bowel infarction. Only one 
patient was thought to have both a CT study and a plain film 
examination that were diagnostic for bowel infarction. 

It is surprising that CT did not always identify the abnor- 
mality seen on plain film. Part of the reason for the failure of 
CT to identify focal regions of bowel wall thickening probably 
relates to the technique of the CT examinations. Additional 
CT sections through areas judged to be suggest ve of necro- 
Sis on plain films would undoubtedly improve CT detection of 
focal bowel wall thickening. Rapid IV contrast infusion tech- 
niques with dynamic incremental scanning might have identi- 
fied areas of postcontrast bowel wall enhancement or intra- 
mural low attenuation zones, which have been described with 
bowel ischemia [4]. This technique also could better identify 
thrombus in mesenteric arteries and veins. Our study suffers 
from the lack of control of these variables inherent in a 
retrospective review. 

Bowel necrosis can be rapidly progressive, and even a few 
hours can create dramatic changes on CT or conventional 
Studies. This may account for some of the discrepancy be- 
tween CT and plain films. The amount of intramural or intra- 
vascular gas may also wax and wane over time so that a 
later examination may not always show more advanced 
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changes. When studies are done at the same time, edema- 
tous bowel (a loop with thickened small-bowel folds) actually 
seems to be easier to perceive on plain films than on CT 
scans in some Cases. 

In conclusion, we feel that both abdominal CT and plain 
film radiographic evaluations of the abdomen are indicated in 
the examination of patients suspected of having ischemic 
bowel, as plain films can identify worrisome findings in pa- 
tients with normal or nonspecific CT findings. Also, as 35% 
of the patients in our series showed nondiagnostic findings 
on both studies, angiographic or surgical evaluation should 
not be delayed when clinical suspicion is high. 
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Case Report 





Blue Rubber Bleb Nevus Syndrome: CT Diagnosis of 


Intussusception 


Robert T. Tyrrel,’ Bruce R. Baumgartner,’ and Karen A. Montemayor? 


Blue rubber bleb nevus syndrome is a rare entity consisting 
of multiple rubbery blue nevi and hemangiomas in the gas- 
trointestinal tract and cutaneous tissues. The multiple angiom- 
atous lesions commonly cause chronic anemia cue to gas- 
trointestinal bleeding. Typically, the diagnosis of this syn- 
drome is made on the basis of the clinical findings, before 
imaging is performed. However, the various organs affected, 
their extent of involvement, and serious complications such 
as intussusception often can be defined easily with CT. 


Case Report 


A 20-year-old woman was admitted with acute abdominal pain, 
nausea, and vomiting. The vomitus was guaiac positive. The patient 
had a 10-year history of recurrent gastrointestinal bleeding producing 
chronic anemia and requiring multiple transfusions. Family history did 
not include intestinal bleeding or anemia. 

Physical examination revealed a pale, ill-appearing woman with 
multiple subcutaneous blue nevi on the upper and lower extremities 
and trunk. These masses were compressible, soft, and occasionally 
tender to palpation. They measured between 2 mm and 10 mm in 
diameter. Moderate epigastric and right-lower-quadrant tenderness 
was present, but there was no rebound tenderness or guarding. 
Laboratory studies revealed that the hematocrit had fallen from a 
baseline level of 30% to 17%. Endoscopic examination showed 
multiple nevi in the esophagus, stomach, and proximal small bowel. 
No active bleeding was identified. 

An abdominal radiograph obtained with the patient supine showed 
multiple, scattered punctate calcifications in the abdomen (Fig. 1A). 





CT of the abdomen and pelvis was performed to evaluate the patient's 
increasing abdominal symptoms. Oral contrast medium was not 
tolerated, but IV contrast medium was administered without incident. 
Multiple dilated loops of small bowel with air/fluid levels were noted 
throughout the abdomen, consistent with severe ileus or obstruction. 
Hundreds of small, round, polypoid filling defects were noted project- 
ing from the walls into the lumen of the bowel (Fig. 1B). Several small 
hemangiomas in the subcutaneous tissues also were identified. In 
the right lower quadrant, a high-density soft-tissue mass was noted 
associated with an irregular gas pattern and bowel wall thickening 
(Fig. 1C). These findings raised the question of an ileocolic intussus- 
ception and pneumatosis intestinalis. 

In view of the patient's clinical condition and CT findings, a lapa- 
rotomy was performed. During surgery, the colon and small bowel 
were found to be distended, fluid-filled, and covered with numerous 
hemangiomas. An inflammatory mass in the right lower quadrant was 
confirmed, and gangrene of a short segment of the distal ileum was 
discovered. Other locations of hemangiomas included the liver, gall- 
bladder, adrenal gland, and mesentery. The involved portion of bowel 
was resected. Pathologic examination of the specimen showed a 9- 
cm ileocolic intussusception with a 3-cm area of volvulus and infarc- 
tion. Both the serosa and submucosa were studded with cavernous 
hemangiomas. A large clot was present in the cecum. 


Discussion 


Blue rubber bleb nevus syndrome is a rare entity consisting 
of multiple cutaneous and gastrointestinal hemangiomas. Al- 
though first described by Gascoyen in 1860, Bean coined the 
term “blue rubber bleb nevus syndrome” in 1958 [1 |. He 
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Fig. 1.—A, Abdominal radiograph shows multiple, scattered, punctate calcifications (arrows) in phleboliths within venous portion of hemangiomas. 
B, CT scan reveals dilated fluid-filled loops of bowel consistent with ileus or obstruction. Note round polypoid filling defects (hemangiomas, solid 


arrows) in lumen and calcified phleboliths (open arrow). 


C, CT scan shows high-density mass (arrow) in right lower quadrant, with layers of various densities within it. This is a typical pattern for intussusception. 


divided the syndrome into three main forms: type 1, a large 
disfiguring cavernous angioma that may increase in size and 
obstruct vital tissue; type 2, “blue rubber nipple” covered with 
thin skin that is compressible and refills rapidly; and type 3, 
irregular blue or black macules or papules. Type 2 is most 
common. To date, fewer than 50 cases have been reported 
[2]. Although an autosomal-dominant inheritance has been 
documented in some patients, most, as in our case, have no 
family history of the syndrome [3]. Histologically, lesions 
consist of a spectrum of vascular abnormalities ranging from 
capillary telangiectasias to cavernous hemangiomas to frank 
arteriovenous communication. The most common lesion is 
the cavernous hemangioma [4]. Typically, the skin and gas- 
trointestinal tract are most preponderantly involved [5]. Many 
other locations, including the peritoneal cavity, mesentery, 
liver, lung, eye, glans penis, and central nervous system, may 
be involved [2]. The angiomas may range in size from 1 mm 
to 10 cm in diameter; the number of lesions ranges into the 
hundreds. There is no evidence of malignant change in these 
lesions [6]. 

The cutaneous hemangiomas may be painful, but they 
usually require no treatment. The gastrointestinal lesions com- 
monly bleed, producing anemia. They also may cause com- 
plications such as intussusception, volvulus, and infarction 
[7]. In a patient with blue rubber bleb nevus syndrome and 
evidence of intestinal obstruction, the possibility of one of 
these vascular lesions producing localized hemorrhage in a 
bowel wall or acting as the leading edge of an intussusception 


should be suspected. Various CT findings have been reported 
with intussusception, including, as in this case, bandlike areas 
of high density and adjacent curvilinear regions of low density 
that produce a layered pattern in an abdominal mass [8]. 

It is important to recognize the syndrome so that when 
Clinicians see specific skin lesions, they Suspect associated 
gastrointestinal disease. Other diseases similar in this respect 
to blue rubber bleb nevus syndrome include Maffucci syn- 
drome and hereditary hemorrhagic telangiectasia. In patients 
with blue rubber bleb nevus syndrome, CT may be useful in 
defining the extent of the disease and its complications. 
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Sonographic Detection of 
Pneumoperitoneum in Patients 
with Acute Abdomen 





We describe five patients who presented with an acute abdomen in whom pneumo- 
peritoneum was first detected by sonography. All five subsequently were proved to 
have a perforated viscus. In all cases, the pneumoperitoneum was seen as an echogenic 
line with a posterior ring-down or reverberation artifact between the anterior abdominal 
wall and the anterior surface of the liver. The finding was shown best in the right upper 
quadrant with the patient in the left lateral decubitus position. The echoes caused by 
the pneumoperitoneum overlapped the echoes of the lung during inspiration, but the 
echoes were separate during expiration. The probable cause of pneumoperitoneum was 
determined with sonography in four of the five patients: three had perforation of duodenal 
ulcer and one had perforation of gastric cancer. The fifth patient had a perforated ileum, 
which was not evident on the sonogram. 

Our experience with these patients suggests that the detection of pneumoperitoneum 
on sonography in patients with an acute abdomen is an important sign of a perforated 
viscus. 


AJR 154:107-109, January 1990 


Pneumoperitoneum is best shown radiologically on plain films of the chest and 
abdomen in erect patients. As little as 1.0 ml of air can be recognized on these 
radiographs [1-4]. However, because sonography may be the initial diagnostic 
procedure in patients with abdominal symptoms, the detection of pneumoperito- 
neum on sonography provides important diagnostic information [4]. Moreover, 
sonography may be useful to determine not only the presence but the cause of the 
pneumoperitoneum. 

We describe five patients with acute abdominal symptoms due to a perforated 
viscus in whom pneumoperitoneum was first detected by sonography. In four of 
the patients, the sonograms showed the cause of the free air. 


Materials and Methods 


Five patients with pneumoperitoneum detected by sonography, seen during a period of 4 
years (1985-1988), were included in the study. There were four men and one woman, ranging 
from 29 to 72 years old. All patients complained of diffuse abdominal pain and had generalized 
rebound tenderness on physical examination. In all cases, the presence of pneumoperitoneum 
was confirmed on radiographs made after the sonograms. The causes of pneumoperitoneum, 
established at surgery, included perforation of duodenal ulcer (three patients), perforation of 
gastric cancer (one patient), and perforation of ileum by blunt abdominal trauma (one patient). 

Sonograms were obtained with a 3.5-MHz transducer on commercially available real-time 
scanners (Toshiba SAL-55A or SSA-90A, Tokyo). Both linear-array and sector transducers 
were used to examine these patients. The transducer was placed longitudinally and trans- 
versely on the anterior abdominal wall of the right upper quadrant with the patient supine. 
When pneumoperitoneum was suspected, the patient was reexamined through the intercostal 
space in the left lateral decubitus position. 
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Results 


In all five patients, the pneumoperitoneum was seen as an 
echogenic line with a posterior ring-down or reverberation 
artifact between the anterior abdominal wall and the anterior 
surface of the liver (Fig. 1). In three patients, pneumoperito- 
neum was detected over the anterior aspect of the liver with 
the patient supine. In these patients, sonograms obtained 
with the patient in the left lateral decubitus position showed 
air over the lateral aspect of the right lobe of the liver. In two 
patients, pneumoperitoneum was not seen on sonograms 
made with the patient supine, but was detected only on 
sonograms made with the patient in the left lateral decubitus 
position (Fig. 2). In two patients, it was difficult to distinguish 
pneumoperitoneum from the lung on the sonograms. In these 
cases, sonograms obtained of the patient during inspiration 





Fig. 1.—Transverse right upper abdominal son- 
ogram shows pneumoperitoneum as an echogenic 
line (arrowheads) between anterior surface of right 
lobe of liver (open arrows) and anterior abdominal 
wall with posterior ring-down artifacts (solid ar- 
rows). 
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and expiration were useful. The pneumoperitoneum over- 
lapped the lung during inspiration, but the lung and pneumo- 
peritoneum were separate during expiration (Fig. 3) 

The causes of pneumoperitoneum were predicted on the 
basis of the sonograms in four of the five patients. In two 
patients, the wall of the duodenal bulb was thickened, sug- 
gesting the presence of a perforated duodenal ulcer. In the 
third patient, sonography showed a site of perforation in the 
anterior wall of the duodenal bulb. In the fourth patient, the 
wall of the gastric antrum was markedly thickened, and a 
hepatic and lymph node metastasis was detected, suggesting 
the presence of gastric cancer. Echogenic foci (air bubbles) 
were seen floating on ascitic fluid in this patient. In the fifth 
patient, in whom pneumoperitoneum was due to a perforated 
ileum caused by blunt abdominal trauma, the cause of the 
free air was not evident on sonography. 





Fig. 2.—Effect of change in patient’s position on sonographic detection of pneumoperitoneum. 

A, Transverse sonogram made with patient supine shows no pneumoperitoneum between 
anterior abdominal wall and anterior surface of liver. 

B, Parasagittal sonogram made with patient in left lateral decubitus position shows pneumoper- 
itoneum (arrows) with posterior reverberation artifact. 


Fig. 3.—Effect of inspiration and expiration 
on detection of pneumoperitoneum. 

A, Sonogram made on inspiration shows 
pneumoperitoneum (P, open arrows) overlapped 
by lung (L, arrowheads). 

B, Sonogram made on expiration shows lung 
(L, arrowheads) separated from pneumoperito- 
neum (P, open arrows). 
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Discussion 


We report five patients who presented with acute abdomi- 
nal symptoms in whom sonograms showed pneumoperito- 
neum. The free air was observed as an echogenic line with a 
posterior ring-down or reverberation artifact. Pneumoperito- 
neum was best shown with the patient in the left lateral 
decubitus position. Sonograms made during inspiration and 
expiration helped to distinguish pneumoperitoneum from the 
lung. 

Linear-array transducers may be superior to sector trans- 
ducers for evaluating patients with pneumoperitoneum be- 
cause of the broader near-field size and because of superior 
resolution in the near field where the air usually accumulates. 

The cause of pneumoperitoneum can be detected in some 
Cases on sonography. In our series, a site of perforation of 
the duodenal bulb due to an ulcer was found in one patient, 
duodenal ulcer was suggested on the basis of cuodenal wall 
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thickening in two patients, and gastric carcinoma was diag- 
nosed in one patient. 
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Self-Retaining Intraurethral Stent: 
An Alternative to Long-term Indwelling 
Catheters or Surgery in the Treatment of 
Prostatism 





The self-retaining intraurethral coil is a device to stent the urethra in men who have 
severe urethral obstruction. It allows them to empty their bladders and still remain 
continent and sexually active. The device can be used in place of long-term indwelling 
catheters or as an alternative to surgery. During 1 year, we inserted the stent in 26 men 
who were poor operative risks. The treatment was successful in 20 (77%). All 20 were 
able to void satisfactorily. Four of the 20 resumed sexual activity, which previously had 
been prevented by indwelling catheters. Two patients who had delayed prostatic surgery 
because of fear of impotence were able to empty their bladders properly and to remain 
sexually active. Three patients subsequently had surgery, two after anticoagulant 
therapy could be stopped and one after renal function improved. No difficulties caused 
by the stent were encountered during surgery. Follow-up was for 2-12 months. Four 
patients who had had the stent in place for 12 months had no difficulties. In 16 of the 
18 patients who had indwelling catheters and infected urine before insertion of the stent, 
sterilization of the urine was obtained after relatively short courses of antibiotic treat- 
ment. Short-term complications associated with the stent were incontinence or urinary 
retention. These were treated by repositioning the stent. Frequency of urination after 
insertion of the stent either disappeared spontaneously or was treated with anticholin- 
ergic drugs. In six patients, frequency was so severe that removal of the stent and 
insertion of an indwelling catheter were necessary. Slight to mild dysuria occurred 
immediately after surgery in all patients but eventually disappeared. 

Our experience suggests that the self-retaining intraurethral stent has considerable 
promise for the treatment of prostatic obstruction of the urethra. 


AJR 154:111-113, January 1990 


An intraurethral coil for the treatment of severe urethral obstruction caused by 
enlargement of the prostate was developed by Fabian in 1980 [1]. Since then, use 
of the coil has resulted in relatively high success rates (up to 80%) of overcoming 
urethral obstruction [2-6]. We used this procedure as an alternative to indwelling 
catheters for patients who were poor operative risks or who refusec surgery 
because of fear of impotence. 


Subjects and Methods 


We selected 22 patients who were poor operative risks who had had indwelling catheters 
inserted 3-36 months before because of urinary retention caused by severe prostatism. Their 
mean age was 73 years (range, 68-86). Two other patients, ages 61 and 64, were being 
treated with anticoagulants for pulmonary embolism and had urinary retention that required 
indwelling catheters. Another two patients, ages 59 and 65, had chronic urinary retention and 
deterioration of renal function. It was explained to these last four patients that the device was 
not a permanent solution but a temporary treatment until they would become eligible for 
prostatic surgery. All 26 patients and their immediate family members received a detailed 
explanation about the intraurethral stent, and all 26 patients signed informed consent papers. 
All patients who had indwelling catheters had infected urine despite treatment with antibiotics. 
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All patients were admitted to the hospital before the procedure. 
Those who were receiving small doses of prophylactic antibiotics 
were given the full dosages, and those who were not on antibiotics 
were given oral cephalosporins. Small-caliber catheters were changed 
to 20-French ones. The two patients who had deterioration of renal 
function were catheterized with 20-French Foley catheters, and their 
bladders were emptied slowly over 3-6 hr. All anticoagulant therapy 
was stopped. 

The stent used (Fig. 1) was a modification of the device developed 
by Fabian [1], which originally was made of medical-grade stainless 
steel and was inserted endoscopically (Urologische Spirale, Uromed, 
Kassel, Germany). The device was redesigned by a team of Danish 
physicians and engineers. An introducing catheter temporarily locked 
to the stent was added to allow easier insertion under sonographic 
guidance, and the stainless-steel wire was plated with 24-karat gold 
to reduce contact allergy and incrustation (Prostakath, Engineers & 
Doctors A/S. Copenhagen, Denmark). 

The stent was inserted under sonographic guidance as follows: 
The bladder was filled with 300 ml saline or until the patient had a 
sensation of fullness. The Foley catheter was pulled gently until its 
balloon was seated at the neck of the bladder. The bladder was 
scanned sonographically to rule out tumors or stones, which are 
contraindications for insertion of the stent, and the prostatic urethra 
was measured from the base of the balloon to the apex of the 
prostate. If the prostatic urethra could not be visualized, a 4- or 5- 
French metal guidewire was inserted through the lumen of the Foley 
catheter. After the urethra was filled with anesthetic lubricating jelly, 
a stent of appropriate length, attached to its introducing catheter, 
was inserted. Passage of the stent through the prostatic urethra was 
observed sonographically. When the tip of the stent reached the 
bladder, and urine began to drip from the distal end of the introducing 
catheter, the stent was pushed in 10-15 mm farther. Then the stent 
was disconnected from the introducing catheter by turning the handle 
of the locking mechanism at least five times clockwise. Under sono- 
graphic guidance, first the locking wire and then the introducing 
catheter were pulled gently outward a few centimeters. Before the 
catheter was removed, the bladder was filled again slowly. After the 
introducing catheter was removed, for immediate assessment of 
stress incontinence, the patients were asked to cough, and then, for 
immediate assessment of continence, they were asked to urinate and 
then stop the stream voluntarily. 

Continuous dripping of urine when the patient is standing or 
coughing indicates that the stent or its short part is in the external 
sphincter area, preventing contraction of the sphincter. If the patient 





Fig. 1.—Three main parts of intraurethral stent. Gold-plated urethral coil 
(1) is composed of body of coil (A), which sits along prostatic urethra with 
tip protruding into bladder; short coil (B), which sits in bulbous urethra; and 
connecting wire (C), which passes along external sphincter. Other two 
parts are introducing catheter (2) and locking mechanism (3) that embraces 
connecting wire. 
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cannot urinate at all, percutaneous cystostomy is used temporarily 
until he starts to void spontaneously or the stent is repositioned. 
Repositioning can be done endoscopically by using a direct-vision 
urethroscope and a rigid foreign-body forceps for pulling or pushing 
the stent. During urethroscopy, the short part of the stent should be 
seen in the bulbar urethra, and the connecting wire should be seen 
passing through the membranous urethra. In order to check place- 
ment during repositioning, the patient is asked to contract the perineal 
muscles. 


Results 


Seven of the 26 patients were incontinent immediately after 
the procedure. Urinary retention developed in two others on 
the day of surgery and in another the day after. All three 
required temporary suprapubic cystostomy. In two patients, 
the stent was removed because of severe frequency of void- 
ing and urgency that did not respond to treatment, and a 
catheter was inserted. Six of the incontinent patients became 
fully continent after the stent was repositioned. The seventh 
patient had severe dementia, and despite repeated reposi- 
tioning of the stent, and without any obvious mechanical 
cause, he remained incontinent. The stent was removed, and 
a catheter was inserted. 

In two patients who had prostatic carcinoma, hyperreflexic 
bladder developed after radiation therapy. In one of these, 
the stent was ejected into the penile urethra after a blood clot 
blocked the lumen. The stent was reinserted, but it caused 
severe frequency and dysuria and so was removed 1 week 
later. In the second patient, despite repeated repositioning of 
the stent, urge incontinence could not be controlled, and the 
stent was removed. 

In one patient, frequency of voiding developed 12 days 
after discharge from the hospital, and he went to the emer- 
gency department of another institution, where a urethral 
catheter was inserted, pushing the stent into the bladder. 
Later attempts to remove the coil endoscopically failed be- 
cause both ends of the stent entered the openings of several 
pseudodiverticula and became entrappped. Cystostomy un- 
der local anesthesia was performed to remove the stent. In 
another patient, urinary retention developed 1 week after 
discharge from the hospital. Because of severe scarring from 
repeated abdominal surgery, transurethral manipulation was 
preferred to suprapubic cystostomy. Under direct visual guid- 
ance, a guidewire was inserted alongside the coil, and an 8- 
French ureteral catheter was introduced. Later the spiral was 
repositioned, and the patient was able to urinate and became 
fully continent. 

One patient with chronic retention urinated spontaneously 
with an increasing flow rate. The second patient with chronic 
retention required suprapubic cystostomy for 4 days until he 
started to urinate after treatment with 150 mg bethanechol 
chloride for a few days. Three and 4 months later, respec- 
tively, both patients had no residual urine after voiding and 
were able to perform sexually. Another three patients who 
had been sexually active before the insertion of an indwelling 
catheter, regained sexual functioning after the stent was 
inserted. Another was able to resume intercourse by using a 
vacuum device to produce artificial erections. 
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Sterilization of the urine was obtained after 1-3 months of 
treatment with antibiotics in 16 of the 18 patients who had 
infected urine before the procedure. After sterilization was 
attained, no other prophylactic antibiotics were needed. The 
two patients with chronic retention and deterioration of renal 
function who had sterile urine before insertion of the stent 
had sterile urine afterward, and their renal function improved. 

The two patients who were receiving anticoagulants be- 
cause of pulmonary emboli had prostatectomies 8 months 
after insertion of the stent and after treatment with anticoag- 
ulants was stopped. One patient with chronic retention had a 
transurethral incision of the prostate. In these three patients, 
the stents were removed endoscopically before surgery, and 
no intraoperative difficulties occurred that could be attributed 
to the stent. 


Discussion 


Insertion of a urethral catheter is the simplest form of urinary 
diversion, and it is used widely in chronic or acute obstructions 
of the lower urinary tract. However, complications associated 
with long-term catheterization are well known [7-10]. This 
alternative of inserting an intraurethral stent is a welcome 
development in urology and a new technique in interventional 
radiology. 

The modified stent we used was practical because of its 
ease of insertion. In 77% of the patients, it allowed passage 
of urine and solved the problem of infection almost always 
seen with indwelling catheters. Easy sterilization of the urine 
after replacing the indwelling catheter with the stent is one of 
the major advantages of this procedure. Insertion of the stent 
in uninfected patients did not cause infection. 

Having the indwelling catheter removed and regaining the 
ability to urinate eased the medical and psychological burden 
of the patient. Four of our patients in whom indwelling cath- 
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eters prevented sexual intercourse, and two others who 
delayed prostatic surgery because of fear of impotence were 
able to resume sexual activity after the stent was inserted. 
All six reported retrograde ejaculation. 

Our experience in 26 patients shows that the intraurethral 
stent is an acceptable alternative to indwelling catheters in 
most cases. Further experience will show if it can function 
properly over a long term. If so, this may increase indications 
for its use in patients who have prostatic enlargement without 
complete urethral obstruction and who fear or refuse or wish 
to delay surgery. 
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Book Review 





Evaluation of Renal Function and Disease with Radionuclides. The Upper Urinary Tract, 2nd ed. Edited by M. 
Donald Blaufox. New York: Karger, 418 pp., 1989. $184.75 


This text is organized into 14 chapters grouped into two sections. 
The first deals with the general concepts and principles of evaluating 
renal function with radiotracers; the second, with the use of these 
techniques in diagnosing specific disease entities. 

The first chapter offers a historical perspective. The second dis- 
cusses basic concepts of functional measurements and is almost 
identical to its corresponding chapter in the first edition. The third 
chapter, which deals with radiopharmaceuticals, is well written and 
up-to-date. Unfortunately, although the use of MAG3 as a technetium- 
labeled substitute for radioiodohippuran is discussed, it is not included 
in any of the tables on dosimetry (a minor oversight). Chapters 4 to 
7 discuss techniques for the analysis of renal blood flow, renal mass, 
renogram, and principles of imaging the kidneys. Although the book 
has significant cross referencing, some redundancy occurs because 
several chapters describe the various radiopharmaceuticals. Although 
the book is specifically about the upper urinary tract, inclusion of a 
section on the evaluation of residual bladder volume might have been 
of some value. Perhaps a volume on the lower urinary tract is in 
preparation. 


A worthwhile discussion of the use of radioisotopic techniques in 
the evaluation of the hypertensive patient is up-to-date and includes 
a well-written section on the use of inhibitors of angiotensin-convert- 
ing enzyme as an adjunctive technique to indicate stenosis of the 
renal artery. The next several chapters describe the role of scintig- 
raphy in evaluating a broad category of diseases, including trauma, 
renal failure and infection, and renal transplants. All chapters are 
illustrated adequately, with appropriate drawings, graphs, and im- 
ages, and have extensive lists of references. 

The book will be an important reference for both nuclear medicine 
physicians and trainees, but it also will be of value to all physicians 
who deal extensively with the evaluation of renal function. It is well 
written and deserves acquisition. 
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The Posterior Intercostal 
Approach for Percutaneous Renal 
Procedures: Risk of Puncturing the 
Lung, Spleen, and Liver as Determined 

by CT 





A posterior intercostal approach is commonly used for percutaneous access to the 
upper poles of the kidney. However, the safety of this approach with respect to 
puncturing the intervening lung, pleura, liver, and spleen with the needle has been 
inferred only from a small series of patients without regard to the degree of respiration. 
To determine the possibility of puncturing these structures, we performed CT at both 
maximal inspiration and expiration and with sagittal reconstructions in 43 (27 supine 
and 16 prone) randomly selected patients. With expiration, the needle path was such 
that there was little risk to the spleen and liver from an 11th-12th posterior intercostal 
approach. However, the chance of transgressing the lung with this approach to the 
kidney was 29% on the right and 14% on the left. If done during maximal inspiration, 
the lung would be in the path of the needle in most patients. With a 10th-11th rib 
posterior intercostal approach, the chance of puncturing the lung was excessive regard- 
less of the degree of respiration used. 

Our results show that the primary risk from a posterior 11th-12th rib intercostal 
approach to the upper renal collecting system is puncture of intervening lung, a 
complication that can be expected to occur in from 14% to 29% of patients. The risks 
from a posterior 10th-11th rib intercostal approach appear prohibitive. 


AJR 154:115-117, January 1990 


The posterior intercostal approach is frequently used for access to the upper 
pole renal calix for a variety of interventional procedures. This route is especially 
important when attempting to extract upper-pole Staghorn calculi or to gain 
entrance to the ureter, such as for stent placement. To study the safety of this 
technique, we determined the potential path of the needle on CT scans obtained 
in 43 patients during both full inspiration and expiration and with the patient either 
supine or prone. The chance of the lung, liver, and spleen being in the path of the 
needle inserted by a posterior intercostal approach was determined. 


Subjects and Methods 


Eighty-six CT scans were performed on 43 patients, 25-86 years old (25 men, 18 women) 
undergoing both unenhanced and enhanced CT of the abdomen for evaluation of various 
clinical problems. Informed consent was obtained, and sequential 10-mm sections were 
made. Patients with upper abdominal diseases that could affect anatomic relationships were 
excluded. Contrast material was administered orally in each patient. 

Twenty-seven supine patients and 16 prone patients each had two CT scans, one in full 
inspiration and the other in full expiration. Bilateral sagittal reconstructions were done through 
the kidneys in all patients, and the vertical angles between the horizontal plane and a line 
drawn from the upper pole of the kidney to the upper margin of the 11th and 12-h ribs and 
the inferior margins of the lung, liver, and spleen were measured (Fig. 1). The upper renal 
pole was defined as the most cephalad calix as seen on CT. Positive angles indicate that the 
structure is cephalad to the upper renal pole. A negative angle indicates that the structure is 
Caudad to the upper renal pole. From the vertical angles, the safety of a posterior intercostal 
approach to the upper renal poles was calculated (Table 1). 
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Results 


In the supine patient, the angle between the horizontal and 
lines drawn between the upper pole renal calix and the lower 
margin of either the spleen or liver did not change significantly 
between inspiration and expiration (right side, 50° to 49°; left 
side, 57° to 53°). However, in the prone patient, these angles 
changed appreciably. The posterior vertical angle between 
the upper right renal pole and the hepatic edge decreased 
from 65° with inspiration to 53° with expiration. The posterior 
vertical angle between the upper left renal pole and the splenic 
edge decreased from 56° during inspiration to 50° during 
expiration. 

In the supine patient, the angle between the upper renal 
pole and the lung edge did not change significantly between 
inspiration and expiration (right side, 42° to 48°; left side, 37° 
to 38°). However, in the prone patient, the lung moved much 
more cephalad in expiration (right side, —21° to +5°; left side, 
4° to 23°) than did the upper renal pole, causing an 18° (left 
side) to 26° (right side) increase in posterior sagittal angles 
(Fig. 2). 

The phase of respiration had little effect on the relationship 
between the upper pole calix and the 11th and 12th ribs in 
either the prone or supine patient. However, there was a 
significant difference in the prone vs supine patient in that the 
kidney moved farther cephalad with respect to the lower ribs. 
This more cephalad renal position in the prone patient caused 
a decrease in the measured sagittal angle. This was more 


LUNG 


Fig. 1.—Vertical angles were 
measured sagittally from hori- 
zontal plane of most cephalad 
renal calix to inferior edges of 
liver, spleen, and lung and to 
tops of 11th and 12th ribs. In 
this diagram, vertical angle to 
left costophrenic angle is dis- 
played. Spine is to right. 
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pronounced on the right side, where the average angle de- 
creased approximately 25° (Fig. 3). By comparing the poste- 
rior sagittal angles of the 11th-12th and 10th-11th rib inter- 
spaces to the edge of the lung, liver, and spleen, the risks 
from an intercostal approach were calculated (Table 1). 

In most prone patients, intervening lung poses the greatest 
risk from percutaneous intercostal procedures into the upper 
renal pole. For example, an 11th-12th intercostal approach 
into either upper renal pole would not be expected to puncture 
intervening spleen or liver if done during expiration. However, 
this approach during expiration would traverse lung in 29% 
of percutaneous procedures on the right side and in 14% of 
procedures on the left side. These same approaches, if done 
during inspiration, would puncture intervening lung in 86% of 
patients on the right side and 79% of patients on the left side. 

The increased risk from a 10th-11th rib prone intercostal 
approach into either upper renal pole is significant. If done 
with the patient in full expiration, the liver would be punctured 
in 14% of patients and the spleen in 33% of patients. More 
seriously, however, the right lung is transgressed in 86% of 
patients and the left lung in 93% of patients. These percent- 
ages are summarized in Table 1. 


Discussion 


The posterior intercostal approach is commonly used to 
gain access for percutaneous interventional procedures in- 
volving the kidney [1-6]. The puncture is usually made below 
the 11th and less commonly below the 10th rib [4]. A frequent 
concern is the transgression of lung and/or pleura by cathe- 
ters 8-French and larger. Using this approach in 50 patients, 
Picus et al. [3] noted that 8% of their patients had a pleural 
effusion and 4% had a pneumothorax. According to our data, 
when patients are prone and in full expiration, needles inserted 
via an intercostal approach between the 11th and 12th ribs 
would be expected to puncture the left lung in 14% and the 
right lung in 29%. On the other hand, Clayman and Casta- 
neda-Zuniga [6] reported only a 6% frequency of hemothorax 
or pneumothorax from this intercostal approach. Diaphrag- 
matic and/or pleural puncture appear inevitable with an inter- 
costal approach because they both partially insert onto the 


TABLE 1: Posterior Sagittal Angles About the Upper Renal Poles (Chance [%] That Structure 


Will Not Be in Path of Needle) 

















Right Side Left Side 
Structure Supine Prone Supine Prone 
Inspir Expir Inspir Expir Inspir Expir Inspir Expir 
Lung below liver/spleen 59 52 100 93 80 65 80 80 
Lung above liver/spleen 41 48 0 Fg 20 35 20 20 
11th-12th rib approach safe from 
Pleura 70 70 14 14 74 74 21 21 
Lung 70 92 14 71 74 84 21 86 
Liver/spleen 89 85 100 100 96 100 87 100 
10th-11th rib approach safe from 
Pleura 28 28 7 T 33 33 T 7 
Lung 37 28 i 14 33 36 x 7 
Liver/spleen 48 46 93 86 76 74 80 6 
Lung below 12th rib 15 7 27 20 0 4 13 67 


a. 
Note.—Percentages are based on the 16 patients scanned at full inspiration (Inspir) and expiration (Expir), both 
supine and prone. The upper renal pole is defined as the highest CT section with an opacified calix. 


Fig. 2.—A and B, Sagittal reconstruction of 
CT scans in a prone 55-year-old man in plane of 
left kidney during inspiration (A) and expiration 
(B). A needle inserted into renal calix of left 
upper pole via an 11th-12th intercostal approach 
during expiration would not pass through lung or 
spleen (s). However, if inserted during inspira- 
tion, lung would be traversed. A 10th-11th inter- 
costal approach would result in puncture of lung 
in both inspiration and expiration. Spine is to 
right. 12 = 12th rib; 11 = 11th rib. 


Fig. 3.—A and B, Sagittal reconstruction of 
CT scans in plane of right kidney in a 69-year- 
old man. Right lung extends to bottom of the 
12th rib during inspiration (A). With expiration 
(B), kidney moved cephalad with respect to 12th 
rib. Lung, however, moved farther cephalad, 
making a percutaneous puncture in expiration 
via an 11th-12th intercostal approach less likely 
to transgress lung. Spine is to right. 


A 


12th rib. Indeed, with deep inspiration in the prone position, 
it is sometimes possible to inflate the lung to the bottom of 
or below (Fig. 3) the 12th rib (Table 1). Of course, the 
complications of intercostal approaches would be potentially 
greater with catheter placement than with a small needle. In 
addition, a more lateral catheter placement poses a greater 
risk to the colon, liver, and spleen [7, 8]. 

Our data show that at full expiration, the risk of puncturing 
the liver or spleen is minimal when needles are inserted via 
the posterior 11th-12th rib intercostal approach, whereas the 
lung is at risk in 14% to 29% of punctures. Some authors [6] 
recommend the intercostal puncture be done with the patient 
in quiet respiration rather than in full expiration. The reason 
for using this method is to reduce the acute angular approach 
into the upper renal collecting system. Our data indicate a 
much higher risk to the lung, and to a lesser degree the liver 
and spleen, with increased levels of inspiration. 

The greatest potential risk of a posterior percutaneous 
intercostal approach on either the left or right side toward the 
upper renal poles is puncturing the intervening lung. During 
expiration in the prone patient, puncture of the lung would 
occur in from 14% to 29% of patients with an 11th-12th rib 
intercostal approach, right and left side, respectively. Regard- 
less of the degree of inspiration or expiration during percuta- 
neous approach between the 11th and 12th ribs, the pleura 
is traversed in most patients as it inserts on the 12th rib. The 
risk to the lung from a percutaneous 10th-11th intercostal 
approachiis prohibitive regardless of the degree of respiration 
used. 
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In conclusion, posterior intercostal approaches into the 
upper kidneys appear to have little risk from intervening liver 
and spleen when performed with the patient in full expiration. 
The increased morbidity from this approach is primarily related 
to the posterior lung. It can be expected that the pleura is 
trangressed asymptomatically in most of these patients. If 
this approach is done when the patient is in mid or full 
inspiration, the risk to the liver, spleen, and especially the lung 
is much increased. The risks from a 10th-11th intercostal 
approach appear prohibitive regardless of the degree of res- 
piration used. 
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Memorial 





Paul L. Rogers, 1931-1989 





Paul L. Rogers died suddenly at his home 
near Ft. Smith, AR, on April 24, 1989. He 
was born in Port Arthur, TX, on October 5, 
1931. He attended Centenary College, re- 
ceiving his Bachelor of Science degree in 
1954. He attended medical school at Louisi- 


ana State University, graduating in 1958. He 
completed his internship and residency in 
radiology at Confederate Memorial Hospital, 
Shreveport, LA, in 1962. He then moved to 
Ft. Smith to join the late William Brooksher 
in the private practice of radiology. Dr. Rog- 
ers was on the staff of St. Edward's Mercy 
Medical Center, serving as chief of staff in 
1977. He was for many years the chief of the 
radiology section. He served for 20 years as 
director of the St. Edward's school of radiol- 
ogy technology. He was also on the staff of 
Cooper Clinic, Booneville Hospital, and had 
served on the staffs of Scott County Hospital 
and Wilhemena Medical Center. 

Dr. Rogers was certified by the American 
College of Radiology (ACR) in 1964 and be- 
came a fellow of the college in 1972. He was 
a member of many professional societies, 
including the American Medical Association, 
the Radiological Society of North America, 
and the Society of Nuclear Medicine. He was 
a past-president of the Arkansas chapter of 
the ACR and past-president of the Sebastian 
County Medical Society. He served as an 
assistant clinical professor of radiology for 
the University of Arkansas. Though Dr. Rog- 


ers retired from active practice in 1986, he 
maintained his contact with the medical com- 
munity, serving as chairman of the St. Ed- 
ward's development board until his untimely 
death. 

Paul was a fine radiologist, constantly 
seeking perfection in himself and encourag- 
ing this in his colleagues. He was always 
present in leadership roles, constantly giving 
of himself to medical and community proj- 
ects, including the United Way and Abilities 
Unlimited. He served for 5 years as president 
of The Center, a community project to for- 
ward the theater and arts in Ft. Smith. His 
basic values were honesty and compassion. 

Paul had a deep commitment to his 
church, springing from his grandfather's role 
as a Presbyterian minister. He was a family 
man with the same devotion to them that he 
gave to medicine. He is survived by his 
mother; his lovely wife, Maude Jeter; and his 
sons, Paul, Chris, and Gill. He will be missed 
by family, friends, colleagues, and the com- 
munity. 


Wm. T. Huskison 
Fort Smith, AR 72903 
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Case Report 





Surgical Lateral Ovarian Transposition: CT Appearance 


Ronald Newbold,‘ Hal Safrit, "3 and Cirrelda Cooper’ 4 


Surgical relocation of the ovaries is a technique used to 
preserve ovarian function in women before pelvic radiation 
therapy. Lateral transposition of the ovaries or oophoropexy 
to place the ovaries out of the radiation field is performed in 
conjunction with radical hysterectomy for cervical carcinoma 
or vaginal cancer, or at the time of staging laparotomy for 
Hodgkin disease [1, 2] (Fig. 1). We present a case in which 
laterally transposed ovaries mimicked metastatic disease and 
three other cases that further illustrate the CT appearance. 


Case Reports 


The first case is a 15-year-old girl with a history of embryonal 
rhabdomyosarcoma of the pelvis. After chemotherapy, the ovaries 
were transposed laterally at the time of abdominal hysterectomy and 
paraaortic lymph node dissection. Residual embryonal rhabdo- 
myosarcoma was found in the cervix only. Serial follow-up CT scans 
were obtained to assess tumor progression. A CT scan obtained 
several months after surgery showed a mass with a low-attenuation 
center in a retrocecal location. Comparison with previous scans 
documented enlargement of the mass (Figs. 2A and 2B). As progres- 
sive metastatic disease was suspected, percutaneous biopsy was 
performed. The initial cytopathologic interpretation suggested the 
presence of malignant cells, and the masses were surgically resected. 
The retrocecal cystic mass was a hemorrhagic corpus luteum cyst of 
the transposed right ovary, and the retrosigmoid mass was a normal 
ovary. Failure to recognize the ovarian origin of the original biopsy 
specimen was thought to have contributed to the initial erroneous 
cytopathologic report. 

Subsequently, we have encountered three additional patients with 
lateral transposition of the ovaries who were scanned after radical 


hysterectomies for cervical carcinoma. In each patient the ovaries 
were located in the characteristic retroperitoneal locations (Fig. 3) 
marked by surgical clips as illustrated by the supine abdominal view 
(Fig. 4). In another case, a large septated water-density mass was 
diagnosed as a transposed ovary. In each of these cases, recognition 
of these pelvic masses allowed CT follow-up rather than biopsy. 


Discussion 


Loss of ovarian function was an accepted complication of 
pelvic radiation in females with pelvic malignant neoplasms 
until the 1950s. Since then, the value of retaining ovarian 
function in young women undergoing pelvic radiation for 
malignant neoplasms has been well recognized. Efforts to 
preserve ovarian function have included shielding and trans- 
position of the ovaries from the radiation port [1, 3, 4]. 

The objective of lateral transposition of the ovaries is sur- 
gically to remove the ovaries from the radiation field. The 
procedure consists of mobilizing the ovaries on a vascular 
pedicle after dividing the fallopian tube and ovarian ligament 
at the uterine end. The sigmoid colon and cecum are medially 
mobilized. The revealed posterior peritoneum is incised, and 
the ovaries are positioned in the retroperitoneum or tacked 
to the lateral parietal peritoneum. Clips are left as markers for 
each ovary [5]. 

It has been accepted practice to perform lateral ovarian 
transposition in young women with cervical and veginal car- 
cinomas who are undergoing radical hysterectomy and/or 
pelvic lymphadenectomy and who may receive adjuvant ra- 
diotherapy [5]. The ovaries in patients with Hodgkin disease 
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who may receive adjuvant radiotherapy at the time of staging 
laparosplenectomy have been transposed laterally [2]. 

After bilateral transposition of the ovaries, CT typically 
shows bilateral soft-tissue masses in the retroperitoneum or 
tacked to the parietal peritoneum adjacent to the cecum and 
rectosigmoid colon. The ovaries are generally marked with 
surgical clips. Unilateral ovarian transposition is rarely per- 
formed [2]. Small ovarian cysts may be present and occa- 
sionally may enlarge. An enlarging mass in a patient with a 
known malignant neoplasm would be a clinical concern for 
metastases as illustrated in the first case. 

The review by Bieler et al. [6] of cervical cancer in 1976 
States that “metastasis into the ovaries is apparently ex- 





Fig. 1.—Drawing shows mobi- 
lization of ovarian pedicle with fi- 
nal position of ovaries tacked to 
lateral parietal peritoneum or in 
retrosigmoid and retrocecal po- 
sition. 
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tremely rare in cervical cancer.” Ovarian involvement of Hodg- 
kin disease and neuroblastoma has been described, and 
associated lymph node involvement is usually evident, but 
imaging at another point in the menstrual cycle or after 
hormonal suppression may be helpful in differentiating an 
enlarging ovarian mass from an ovarian cyst. 

It is important to recognize the normal postoperative ap- 
pearance of transposed ovaries to avoid mistaking them for 
metastatic disease. 
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Fig. 2.—A, Initial CT scan of 15-year-old girl shows small 
retrocecal mass (straight arrow) at level of iliac crest. A 
surgical clip is adjacent to mass (arrowhead). A second 
smaller retrosigmoid mass also is noted (curved arrow). 

B, Follow-up CT scan shows enlarging mass (arrow) with 
low-attenuation center. Adjacent metallic clip seen again. 
Mass was proved to be a hemorrhagic corpus luteum cyst in 
a surgically transposed right ovary. 


Fig. 3.—CT scan shows transposed ovaries 
(arrows). Note multiple small cysts in right ovary 
and larger cyst in left ovary. 


Fig. 4.—Abdominal film shows surgical clips 
above both iliac crests marking location of trans- 
posed ovaries (arrows). Additional midline sur- 
gical clips are characteristic of lymph node dis- 
section. 
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Rotator Cuff Tears: Diagnosis with 
Sonography 





The purpose of this study was to determine the accuracy of sonography in the 
detection of rotator cuff tears. Eighty-one patients were referred by orthopedic special- 
ists because of a clinical suspicion of rotator cuff tear. The standards of comparison 
were arthrography in 79 cases and surgery in two cases. The sonographic technique 
used was based on a review of the literature and experience gained by scanning normal 
subjects. The sonographic criteria for the diagnosis of a complete rotator cuff tear were 
a focal defect in the cuff or complete absence or nonvisualization of the cuff. All 
sonograms were interpreted prospectively without knowledge of arthrographic or sur- 
gical results. With arthrography as the standard of comparison for the diagnosis of 
rotator cuff tear, sonographic results included 15 true-positives, 52 true-negatives, eight 
false-negatives, and four false-positives. With surgery as the standard of comparison, 
the results were one true-positive and one true-negative sonogram. The sensitivity of 
sonography in detecting rotator cuff tear was 0.67, the specificity was 0.93, and the 
accuracy was 0.85. 

Our study found lower sensitivity and accuracy results for shoulder sonography than 
have been previously reported. 


AJR 154:121-123, January 1990 


Authors of several recent studies [1-4] have advocated the use of sonography 
for the diagnosis of tears of the rotator cuff. Prior investigations [1, 2] have found 
the accuracy of shoulder sonography to be 0.87-0.94, the sensitivity 0.93, and the 
specificity 0.83-0.93. The procedure is appealing because, unlike shoulder arthrog- 
raphy, there is no discomfort to the patient, radiation exposure, or potential for 
adverse reactions. We describe our findings in using sonography to detect rotator 
cuff tears in 81 patients in whom the results of arthrography or surgery were 
available for use as the diagnostic standard. 


Patients and Methods 


One huncred fifteen consecutive patients were referred for shoulder sonography. Of these, 
79 who underwent arthrography and two who had surgery without arthrography were included 
in the study. All patients were referred by a group of six orthopedic surgeons because of a 
clinical suspicion of rotator cuff tear. 

Sonograms were obtained by using a 5-MHz linear phased-array transducer (Acuson 128, 
Mountain View, CA). The procedures were performed and interpreted by one radiologist. The 
technique used was based on a review of the literature and experience gained by scanning 
normal subjects [1, 2, 5-7]. Verbal consent was obtained in all cases. 

Both shou.ders were scanned. The examination was done with the patient seated with tre 
humerus adducted in neutral position. The examination began with the transducer oriented 
to view the fibers of the rotator cuff in a transverse or cross-sectional plane. The bicipital 
groove was located and used as a landmark for identification of the component tendons of 
the rotator cuff. The transducer was then moved laterally and posteriorly to visualize the 
supraspinatus and infraspinatus tendons from their insertion on the humerus to the point 
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where they became obscured by the acromion. The transducer was 
then brought back to the bicipital groove and then moved medially 
and superiorly to view the subscapularis tendon. The same areas 
were then scanned in the longitudinal plane. The sequence was 
repeated both with the shoulder elevated and with the arm pulled 
behind the patient's back in a position of hyperextended internal 
rotation. 

Sonographic criteria for the diagnosis of a complete tear were a 
focal defect in the cuff or complete absence or nonvisualization of 
the rotator cuff. The sonograms were interpreted prospectively before 
arthrography or surgery as showing either the presence or the 
absence of a complete tear. A decision regarding tear vs no tear was 
made in each case, with no attempt to exclude or tabulate indeter- 
minate cases. Sensitivity, specificity, and accuracy were determined. 
Subsequently, the sonograms were reviewed retrospectively to as- 
sess possible causes of errors. 

Single-contrast arthrography was performed after the sonography 
on the same day. Knowledge of the results of the sonograms was 
usually available to the radiologist before arthrography was per- 
formed. The contrast agent used was either methylglucamine diatri- 
zoate (Renografin, Squibb, New Brunswick, NJ) or iopamidol (Isovue, 
Squibb). Aoproximately 10-15 ml of contrast agent was injected into 
the joint under fluoroscopic guidance. Fluoroscopic spot films were 
made at the discretion of the radiologist, usually if contrast material 
was observed entering the subacromial bursa. After injection of 
contrast material, anteroposterior radiographs were made in internal 
and external rotation and an axillary view was made. If no gross 
abnormality was seen on these films, a second set of films was made 
after exercise. A full-thickness rotator cuff tear was diagnosed when 
contrast material entered the subacromial bursa. 

An arthrography, 23 patients had tears of the rotator cuff and 56 
patients had no tear. At surgery, one patient had a rotator cuff tear 
and one patient had an intact cuff. 


Results 


Using arthrography as the standard for the diagnosis of 
rotator cuff tears, we found the sonographic results included 
15 true-positives, 52 true-negatives, eight false-negatives, 
and four false-positives. Two patients had surgery without 
arthrography. In one of these patients, the sonogram was 
true-positive; in the other, the sonogram was true-negative. 
The sensitivity of sonography in detecting rotator cuff tear 
was 0.67, the specificity was 0.93, and the accuracy was 
0.85. 

Retrospective analysis of all 16 of the true-positive cases 
showed that in 10 (63%), the sonographic finding was a focal 
defect in the rotator cuff, and in six (88%), the cuff was not 
visualized. Review of the eight false-negative cases showed 
that four had no sonographic abnormality, one had focal 
thinning of the posterior aspect of the cuff not recognized 
prospectively, and three had a focal area of high-amplitude 
echoes in the cuff. However, 14 of the true-negative cases 
also had at least one focus of high-amplitude echoes in the 
cuff similar to those seen in three of the false-negative cases. 
Errors occurred randomly throughout the course of the study. 


Discussion 


The sensitivity and accuracy of sonography in our study is 
lower than previously reported. This may be related to differ- 
ences in study design, the fact that sonography is operator 
dependent, and technical limitations. 
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We believe the design of our study was comparable with 
those of studies reported previously [1, 2]. Scanning tech- 
nique and sonographic equipment used were the same or 
comparable. The sonographic criteria for rotator cuff tear 
were the same as those used by Mack et al. [2]. In both 
studies, visualization of a defect in the cuff was required to 
diagnose a tear. However, Middleton et al. [1] and Crass et 
al. [3] also include the finding of a central echogenic band or 
focus in the cuff as a sign of tear. Use of more liberal criteria 
such as these will increase sensitivity and lower specificity. In 
retrospect, three false-negative cases in our study had ech- 
ogenic foci in the cuff, but 14 true-negative cases also had a 
similar-appearing echogenic area in the cuff. If we had in- 
cluded the criterion of a focal echogenic area in the cuff as a 
sign of tear, our sensitivity would have improved to 0.79, but 
specificity and accuracy would have dropped to 0.68 and 
0.72, respectively. These figures are still well below those of 
earlier studies. 

Arthrography was used as the standard of comparison in 
the majority of our cases and in previous comparable reports 
[1, 2]. It is recognized that errors may occur with arthrogra- 
phy, most notably failure to detect partial rotator cuff tears 
that do not communicate with the joint space. However, the 
majority of our sonographic errors involved failure to detect 
tears shown by arthrography. In this situation, contrast agent 
enters the subacromial bursa, and the likelihood that arthrog- 
raphy is in error is exceedingly low. Therefore we believe that 
using arthrography as the standard of comparison does not 
substantially affect our results or comparison with previous 
studies. 

Shoulder sonography is highly operator dependent. We 
cannot rule out the possibility that individual differences in 
technique or skill account for our less favorable results com- 
pared with those of previous reports. 

We believe that technical limitations of shoulder sonography 
contribute to its inability to identify some rotator cuff tears. 
Tears occurring in that portion of the cuff behind the acromion 
cannot be visualized [1-4, 7, 8]. However, most tears occur 
near the insertion of the supraspinatus tendon, an area that 
is routinely seen with sonography. In this location, the size of 
a tear may affect sonographic visualization. Mack et al. [2] 
showed that some small (<14 mm) tears are not seen with 
sonography. Exclusion of the criterion of an echogenic focus 
in the cuff as a sign of tear undoubtedly causes some small 
tears to be missed. However, we and other investigators [2] 
believe that focal areas of echogenicity in the cuff are too 
nonspecific to be used as a reliable sign of tear (Fig. 1). 
Echogenic foci may be caused by full or partial thickness 
tears, technical variables such as too much gain and rever- 
beration, calcification, fibrosis, blood, granulation tissue, and 
possibly other conditions [2, 3, 6, 8, 9]. 

Two sonographic findings consistently cited as highly reli- 
able findings of cuff tear, a focal defect in the cuff and 
complete absence of cuff visualization, occasionally were 
problematic. Small tears may appear on sonography as a 
focal area of prominent cuff “thining.” In some cases it was 
difficult to decide if the cuff was thinned but intact or actually 
torn (Fig. 2). A subjective determination regarding the pres- 
ence or absence of cuff echoes in the area of thinning was 
made at the time of scanning. Of 12 cases thought prospec- 
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Fig. 1.—Echogenic focus in rotator cuff is not 
specific for complete tear. 

A, Longitudinal sonogram shows large echo- 
genic focus in cuff (arrows). Interpretation of 
sonogram was absence of tear, but arthrography 
showed a tear. 

B, Longitudinal sonogram shows echogenic 
focus (arrows) in cuff. Interpretation was ab- 
sence of a tear, and no tear was seen at arthrog- 
raphy. 


Fig. 2.—Focally thinned but intact rotator cuff 
may be difficult to differentiate from a tear. 

A, Transverse sonogram shows prominent fo- 
cal thinning (asrows), but it is difficult to deter- 
mine if cuff substance traverses area of thinning. 
Study was interpreted as showing a tear. Finding 
was confirmed:at arthrography. 

B, Transverse sonogram shows focal thinning 
(arrows) that was interpreted as indicative of a 
tear in rotator cuff. Arthrography showed no tear. 
Thicker part of-cuff outlined by cursors. 


A 


tively to represent true cuff defects, 10 were complete tears 
at arthrograpny and two were false-positives. Two other false- 
positive cases showed apparent complete absence of the 
cuff on sonography. In one, a large shoulder joint effusion 
presumably displaced the rotator cuff too far inferiorly to be 
visualized. In the second case, the cuff was poorly visualized 
for unknown reasons. 

On the basis of our results, the role of sonography in the 
evaluation of rotator cuff tear is uncertain. Particularly disap- 
pointing in terms of a screening procedure is the relatively 
low sensitivity found in our study. Future studies of sonog- 
raphy compared with arthrography and MR imaging will be 
needed to determine the role of sonography in evaluation of 
the rotator cuff. 
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Book Review 





Ultrasonography of Muscles and Tendons. Examination Technique and Atlas of Normal Anatomy of the 
Extremities. By Bruno D. Fornage. New York: Springer-Verlag, 231 pp., 1989. $119 


This book has two parts. Part 1 has seven succinct chapters. The 
first chapter discusses anatomic relationships between muscles, 
tendons, and other soft-tissue components of the extremities. The 
second chapter is about technical considerations related to equip- 
ment and scanning techniques. Chapters 3 and 4 are dedicated to 
the normal sonographic appearances of muscles and tendons. Arti- 
facts and pitfalls are discussed in chapter 5. Chapter 6 addresses 
the sonographic patterns of anatomic components of the extremities 
other than muscles and tendons. Chapter 7 has a brief overview of 
imaging techniques other than sonography used in the evaluation of 
muscles and tendons. 

Part 2 has two sections. The first is dedicated to the upper 
extremity and covers the shoulder, the arm (upper, middle, and lower), 
the elbow, the forearm (upper, middle, and lower), the wrist, and the 
hand. The second section is about the lower extremity and covers 
the thigh (upper, middle, and lower), the knee, the leg (upper, middle, 
and lower), the ankle, and the foot. These two sections have the 
format of an atlas with superb illustrations of normal anatomy of 
muscles and tendons at different levels in both extremities. Each 


illustration is accompanied by an anatomic drawing and a diagram 
showing the plane and orientation of the transducer used to obtain 
the image. No text is included with the illustrations. Diseases of the 
extremities are not discussed. 

This book’s strong point is its description of an area that has been 
neglected in the sonographic literature. To this end, it reflects a great 
attention to details and a refined use of sonographic equipment so 
that duplication of its results may require the hands of experienced 
sonographers. Its main flaw is the absence of discussion of diseases 
that likely would stir the interest of diagnostic radiologists. Unfortu- 
nately, it is also at a major disadvantage because of the rapid 
expansion and higher specificity of MR imaging in the evaluation of 
the musculoskeletal system. Overall, however, it provides an excel- 
lent reference for those who work closely with orthopedists and 
physicians who specialize in sports medicine. 
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Sonographic Evaluation of Bone 
Production at the Distraction Site 
in Ilizarov Limb-Lengthening 
Procedures 





The success of the Ilizarov distraction technique has resulted in a marked increase 
in the number of limb-lengthening and limb-straightening procedures performed for the 
correction of short and deformed limbs. This technique involves fracture of the bone 
and application of an external ring and bar support frame with circumferential screw 
threads and nuts, which allows systematic distraction of bone segments at a rate of 
0.25 mm four times a day. During the procedure, the patient is encouraged to be 
ambulatory, as the strength of the frame allows weight bearing. Because of the limita- 
tions of plain radiographs in detecting the small amounts of new bone formation that 
occur at the distraction site in the early stages of healing, the success of the procedure 
cannot be determined for many weeks. The rate of distraction depends on the successful 
production of new bone in the distraction site. Early evaluation of new bone production 
is therefore important, because slow bone formation requires a decrease in distraction 
rate and vice versa. We examined 12 patients who had limb-lengthening procedures via 
the Ilizarov technique to determine if sonography could be used to detect early new 
bone formation at the distraction site. Our results show that new bone formaticn could 
be detected with sonography many weeks before its appearance on the radiograph. 
The sonographic appearance of new bone consists of echogenic foci within the distrac- 
tion site, which become aligned in the longitudinal plane and which increase in number 
and size until they coalesce as echodense bone, which does not allow through- 
transmission of the ultrasound beam. In addition, sonograms showed 1.5-cm and 2-cm 
cysts within the distraction site in two patients in whom they were not visible on the 
radiographs. Timely percutaneous aspiration allowed continued normal bone generation. 

We conclude that sonography is useful for the detection of new bone formation at the 
distraction site in patients undergoing the Ilizarov procedure. 
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The advent of external limb-lengthening distraction devices has revolutionized 
limb-lengthening procedures. In particular, the Ilizarov frame (Richards Medical 
Company, Memphis, TN), which allows angular correction and limb lengthening, 
has proved exceptionally successful in the correction of shortened and deformed 
limbs. This technique, which involves fracture of the limb and distraction of the 
fragments at a slow constant rate, has been used successfully to correct angular 
deformities resulting from congenital abnormalities or malunion of fractures and to 
lengthen limbs that are short either from congenital causes (e.g., achordroplasia) 
or as the result of previous trauma. The only method of assessing new bone 
production at the distraction site has been by plain film evaluation. However, plain 
radiographs cannot be used to detect new bone production until a significant 
quantity has been laid down, and they are inadequate to determine the -ate at 
which new bone production occurs in the early stages. This information is needed 
to determine the rate of distraction. If that rate is too slow in proportion to the 
amount of new bone formation, premature fusion at the distraction site will occur. 
If it is too fast, insufficient new bone formation will occur to allow healing of the 
distraction site. We studied the value of sonography in evaluating new bone 


126 YOUNG ET AL. 


production at the distraction site of patients undergoing the 
llizarov procedure to determine whether it could be used to 
image the new bone before it became visible on plain radio- 
graphs. 


Subjects and Methods 


Twelve patients who had undergone Ilizarov distractions at 23 
sites were studied during the 3-6 months after surgery. Nine patients 
had limb-lengthening procedures for congenital (four cases) or post- 
traumatic shortening (five cases), and three had correction of post- 
traumatic deformity or surgical nonunion. Twenty-two of the distrac- 
tion sites were in the tibia, and one was in the distal femur. The first 
two patients had both radiographs and sonograms obtained at weekly 
intervals. The other 10 had the two procedures every other week or 
monthly, depending on the rate of new bone formation as determined 
by the sonograms. New bone formation was assessed on the radio- 
graphs and sonograms. 

Sonographic evaluation was begun at the first or second follow- 
up appointment, at either 7 or 14 days after surgery. Sonograms 
were obtained in both longitudinal and axial planes by using a 5-MHz 
transducer and an Acuson 128 sonographic unit (Acuson, Mountain 
View, CA). Linear and/or sector transducers were used, depending 
on skin accessibility within the Ilizarov frame (in the early stages of 
distraction, the rings of the support frame are often close together 
and do not allow positioning of a linear-array transducer). Standoff 
gel pads occasionally were used for optimal near-field display. The 
sonographic images were evaluated independently by two radiolo- 
gists without knowledge of the plain radiographic results. The plain 
radiographs were evaluated for the time of appearance of new bone 
formation within the distraction site. Pathologic examination of a limb 
was possible in one patient who had an amputation performed for an 
unrelated problem. 


Results 


In 10 of the 12 patients, plain radiographs showed new 
bone formation in the distraction sites beginning between 2 
and 5 months after the surgery. In two cases, new bone 
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formation was identified 6 months after surgery. In no instance 
was new bone identified radiographically sooner than 8 weeks 
after surgery. 

The initial sonographic appearance of the distraction site 
was of a well-defined defect in the cortical bone with minimal 
distraction. The defect was largely sonolucent and contrasted 
sharply with the extreme echogenicity of the cortical bone 
(Fig. 1). Serial scanning showed that echogenicity increased 
progressively at the distraction site (Figs. 2-4). Initially, on 
the longitudinal images, this appeared somewhat disorgan- 
ized. However, by approximately 4 weeks, the echogenic 
structures tended to align longitudinally on longitudinal images 
(Fig. 2). The transverse images always had a speckled ap- 
pearance, which we likened to looking into the open end of a 
multifilament wire cut in cross section (Fig. 2). At approxi- 
mately 6 to 8 weeks, the early impression of a cortical margin 
usually was seen, which had a characteristic bowing-inward 
appearance at the midportion on the longitudinal scan (Fig. 
3). This consolidated over the remaining weeks, until a dense 
cortical line was seen, with little through-transmission of the 
ultrasound beam (Fig. 4). 

The appearance of new bone formation on sonograms 
occurred in all cases between 1 week and 16 weeks after 
surgery and preceded its appearance on radiographs by 4- 
16 weeks. In the two cases in which plain films did not show 
any evidence of new bone formation until 6 months after 
surgery, the sonograms obtained suggested new bone for- 
mation at 3 months and 4 months, respectively. In all other 
cases, the sonographic appearance of echogenic foci oc- 
curred between 1 week and 3 weeks. 

In the patient who had an amputation at 2.5 months after 
surgery for unrelated reasons, comparison of the amputation 
specimen with the sonographic images showed a strong 
resemblance between the echogenic tissue seen on sonog- 
raphy and the new bone identified pathologically within the 
distraction site. In this case, the echogenic substance at the 
distraction sites appeared to be new bone trabecula (Fig. 5). 





C 


Fig. 1.—A, Early in distraction process, plain radiograph shows a radiolucent line at proximal and distal distraction sites (arrowheads) without any 


radiodense new bone. 


B, Longitudinal sonogram shows a sharply demarcated defect in dense cortical bone (short arrows). Even at this early stage, small echodense foci are 


within distraction site (long arrow). 


C, Transverse image shows echogenic foci within distraction site (arrows). 
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Fig. 2.—A, Longitudinal sonogram obtained 4 
weeks after surgery shows obvious new bone 
formation. Longitudinally oriented echogenic 
foci are seen (arrows). 

B, Characteristic appearance on transverse 
view of dense echogenic foci (arrows) is due to 
new bone trabecula imaged in cross section. 


Fig. 3.—A, Sonogram obtained 7 weeks after 
surgery shows evidence of new cortical bone 
(arrows). On this longitudinal scan, note char- 
acteristic “indrawing” of new cortical bone in 
distraction site. 

B, Transverse sonogram shows cortical bone 
is composed of new bone filaments seen in cross 
section (arrows). Because of density of new 
bone, through-transmission is poor. 
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Fig. 4.—A, Plain fiim made 12 weeks after surgery shows longitudinally oriented strands of new bone within distraction site. 
B, Longitudinal sonogram shows dense cortical new bone (small arrowheads) between native cortical margins (large arrowheads). 
C, Transverse sonogram shows dense cortical bone, with little through-transmission. 


In two cases, a sonolucent area (measuring 2 cm and 1.5 Discussion 
cm in diameter, respectively) was identified within the distrac- 
tion site, compatible with a cystic fluid collection. This was Distraction of bone segments without epiphyseolysis or 
confirmed by percutaneous aspiration, during which straw- bone grafting involves the creation of a percutaneous cortical 
colored fluid was obtained. osteotomy, followed after a 7-day interval by daily distraction 
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Fig. 5.—A, Longitudinal section of amputation specimen shows new bone formation between distracted native bone margins (arrowheads). New bone 


is aligned longitudinally (arrows). 


B, Longitudinal sonogram at this stage shows echogenic foci within distraction site, which also are oriented longitudinally, between dense native cortex 


(arrowheads). 


C, Photomicrograph of transverse section through region of new bone formation shows transection of new bone filaments (arrowheads) giving an 


appearance similar to that on transverse sonograms. 


of the bones at the rate of 0.25 mm four times a day, until 
the desired bone length or angular correction has been 
achieved [1, 2]. Unrestricted weight bearing as tolerated is 
begun immediately, because of the rigidity and strength of 
the Ilizarov frame. The external fixation device is removed 
when the desired distraction amount is achieved, and clinically 
and radiologically the new bone is considered strong enough 
to bear weight unprotected. This is usually apparent when 
there is radiographic evidence of abundant new bone forma- 
tion at the distraction site and generally provides no diagnostic 
dilemma. However, new bone formation is not visible on plain 
radiographs before approximately 6-8 weeks, so the success 
of the procedure cannot be determined. Monitoring the rate 
of distraction and new bone formation is important because 
a rapid rate of new bone formation may lead to premature 
fusion of the distraction site, whereas delayed bone formation 
will result in a wide distraction gap and inadequate bridging 
bone. 

Our results indicate that sonography can be used to detect 
new bone formation soon after surgery, often as early as 7- 
14 days. Thus, new bone formation can be evaluated many 
weeks before it becomes apparent radiographically. In addi- 
tion, in cases in which bone development is slow (seen in two 
of our patients), the sonographic appearance of new bone 


within the distraction site establishes that bone generation is 
occurring. In such cases, the distraction rate can be de- 
creased accordingly. The two cases in which a fluid collection 
was present within the distraction site also indicate the value 
of sonography. Both fluid collections were aspirated, thereby 
eliminating a potential complication of a weakened and inad- 
equately ossified distraction site due to lack of new bone 
formation within the cysts. 

Our results show that sonography provides an accurate 
indication of new bone production in the early stages of 
distraction and indicates the rate of new bone production. 
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The Current Role of Tenography and Bursography 


Karen S. Baker’? and Louis A. Gilula' 


Tenography is a procedure whereby tendon sheaths are 
opacified with contrast medium to allow detection of abnor- 
malities of the tendons and their surrounding sheaths. Bur- 
sography is the study of bursae after injection of contrast 
material into the bursa. Both procedures are useful tools for 
the diagnosis of various disorders of the musculoskeletal 
system. With the advent of CT and MR, the number of such 
studies performed has declined. However, a few indications 
remain, and some studies are still performed for diagnostic 
and, more importantly, for therapeutic purposes. The intent 
of this article is to review previous applications of tenography 
and bursography and present our understanding of the cur- 
rent value of these procedures. The review is based on 
personal experience, a review of the literature, and telephone 
interviews of 15 musculoskeletal radiologists in the United 
States and Canada. 


Tenography 
Foot and Ankle 


Physical findings suggesting tendon or tendon sheath ab- 
normalities are pain, swelling, or crepitus along the course of 
a specific tendon or tendons. Specific indications for tenog- 
raphy include evaluation for capsular or tendon sheath tears, 
calcaneofibular ligament tears (Fig. 1), displacement or extrin- 
sic compression of a tendon, traumatic rupture of a tendon, 
or chronic stenosing tenosynovitis [1-10] (Fig. 2). Therapeutic 
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benefit may occur after injection of local anesthesia and/or 
corticosteroids directly into the tendon sheath [1, 2, 6, 8, 
10]. Tenography also is important for identifying patients who 
may not recover with steroids and will probably need surgery. 
Patients with tendon sheath block or scarring usually will 
require surgery, and those with minimal to moderate irregu- 
larities of the tendon sheath usually will recover wita long- 
acting steroids [2]. 

The anatomy and the tenography technique have been 
outlined in detail [1-3, 5, 8, 10, 11]. The most commonly 
evaluated tendons are peroneal (Fig. 3) (brevis and longus) 
and posterior tibial. However, tenography of the extensor 
hallucis longus, flexor digitorum longus, flexor hallucis longus, 
extensor digitorum longus, and anterior tibial tendons also 
can be performed, as could tenography of any tendon that 
has an approachable tendon sheath. A tendon sheath cannot 
be studied with tenography if it has no anatomic landmarks 
for needle guidance under fluoroscopic control or if it is 
dangerously close to a major blood vessel. 

At our institution, tenography for the foot and ankle is still 
frequently requested (an average of five [range, three to nine] 
examinations per month) for the diagnosis and potential treat- 
ment of tenosynovitis [2, 6]. However, this trend is not 
matched elsewhere, according to the bone and joint radiolo- 
gists interviewed by telephone. They all stated that MR is 
being used almost exclusively; tenography is done either not 
at all or rarely. Therefore, we believe the potential treatment 
of tenosynovitis afforded by tenography is not being used. 
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Fig. 1.—Tear of calcaneofibular ligament. Per- 
oneal tenogram shows filling of tibiotalar joint (ar- 
row) and posterior subtalar joint (arrowhead). 


lateral malleolus. 


CT has been shown to be quite helpful in evaluation of a 
wide variety of soft-tissue abnormalities in the foot and ankle 
[12]. MR provides excellent imaging of tendons and especially 
can show tears of tendons because of its greater soft-tissue 
contrast [13]. We have not found tenography to be useful for 
diagnosing tears within the tendon itself, or partial tendon 
tears (tears involving partial thickness of one tendon), other 
than those causing a tendon sheath block. In addition, MR 
depicts an entire anatomic area and has the capability of 
multiplanar imaging. For these reasons, MR is emerging as 
the imaging technique of choice for soft-tissue abnormalities 
of the foot and ankle. MR can show fluid in tendon sheaths, 
a finding of tenosynovitis; however, MR imaging cannot show 
small irregularities of the tendon sheath as can be seen in 
minimal to moderate tenosynovitis or scarring of the tendon 
sheath with stenosing tenosynovitis. In our experience of 
more than 80 injected ankle tendon sheaths, it has been rare 
to find fluid in the sheaths. Additionally, it is uncertain how 
often a small amount of fluid may be present in a diseased 
tendon sheath that can be detected on MR. 

Therefore, we believe ankle tenography is indicated for 
diagnosing cases of suspected traumatic capsular or ligament 
damage, mild tenosynovitis, or stenosing tenosynovitis. In 
addition, tenography is the only method to use to be certain 
that local anesthesia and/or long-acting (“Depo”) steroids 
have been injected directly into the tendon sheath. 


Hand and Wrist 


Tenography and bursography of the hand and wrist have 
limited clinical usefulness today (Fig. 4). In the past the 
procedures had value to determine the extent of tendon 
involvement by rheumatoid arthritis [14-17] and to evaluate 
infection [18], carpal tunnel syndrome [14], and DeQuervain 
disease [19]. The anatomy and tenographic technique have 





Fig. 2.—Stenosing tenosynovitis. Peroneal 
tenogram shows nonfilling of anterior part of 
tendon sheaths (between arrows) posterior to 
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Fig. 3.—Mild tenosynovitis. Peroneal teno- 
gram shows mild distal irregularity (arrowheads) 
of tendon sheaths. 


been described [14, 15, 17, 20, 21]. Use of these examina- 
tions is now limited to selected cases of rheumatoid arthritis 
in which it is important to know the extent of synovial disease 
or in selected cases of carpal tunnel syndrome to identify 
displacement of synovial sheaths by masses or edema. How- 
ever, if MR is available, it can be used to show extent of 
disease more accurately than tenography or bursography [22, 
23], because contrast material injected into sheaths and 
compartments shows only the intrasynovial spaces that com- 
municate. Therefore, with proliferated synovial tissue that is 
tightly compressed or in areas with adhesions, contrast ma- 
terial may not pass between connecting synovial compart- 
ments to show all abnormal synovial tissue. In addition, 
tenography and bursography show only the inside of the 
tendon sheath or bursa and the outer margins of the contained 
tendons. However they will not show the outer margins of 
the abnormal tissue, as can MR. As with the ankle, tenogra- 
phy of the hand and wrist has the advantage of verifying that 
anesthetic drugs or steroids are being injected directly into 
the tendon sheath. In our informal survey, we found only one 
institution that still occasionally performs wrist tenography. 


Fig. 4.—A and B, Tenograms 
show moderate tenosynovitis vs 
scarring of flexor tendon sheath 
of index finger (arrowheads). In- 
complete filling of volar aspect of 
sheath (between arrows) sug- 
gests scarring. Extravasation 
about proximal interphalangeal 
joint is related to injection site. 
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Recently, sonography has been reported to have some value 
in the diagnosis of tenosynovitis of the hand and wrist [24, 
25]. 


Hip 

Several authors [26-28] have described the “snapping 
tendon” syndrome, which is caused by snapping of the ilio- 
psoas tendon over the iliopectineal eminence or subluxation 
of the tendon over an osseous ridge on the lesser trochanter. 
The tendon lies medially over the femoral head with the hip in 
the flexed position and then abruptly moves laterally when 
the hip is abducted, externally rotated, and extended, coincid- 
ing with a snapping sensation in the patient's groin. The 
diagnosis can be made with bursography by showing the 
tendon as a negative defect in the contrast-filled iliopsoas 
bursa [27, 29] or hip joint [28]. Staple et al. [26] used CT 
guidance for direct opacification of the iliopsoas tendon and 
subsequently monitored tendon motion with fluoroscopy. Al- 
though this is not a common disorder, tenograohy of the 
iliopsoas tendon for this diagnosis appears to be a useful 
technique [26]; currently we are not aware of any other 
radiographic study that can diagnose this condition. 


Bursography 
Shoulder 


Subacromial-subdeltoid bursography has been used to 
evaluate partial tears of the rotator cuff (especially of the 
superior surface of the tendon) [30], adhesive bursitis/cap- 
Sulitis [31, 32], and impingement syndrome [31. 33]. The 
bursa also can become enlarged and inflamed in rheumatoid 
arthritis and other inflammatory disorders [34]. Tha anatomy 
and technique of examination have been described before 
[35]. In our experience, this procedure can be time-consuming 
and difficult to perform while often adding little to the exami- 
nation of patients with a painful shoulder. Others have found 





A 


Fig. 5.—A and B, Normal subacromial bursogram (A) and shoulder arthrogram (B) obtained after 
gunshot wound to shoulder showed that bullet was located medial to subacromial bursa and superior 


to glenohumeral joint. 
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that the diagnosis can be made on the basis of plain radio- 
graphic findings [36, 37]. In cases of impingement, shoulder 
bursography will show enlargement of the lateral aspect of 
the bursa with abduction of the arm [31-33]. Knowledge of 
the existence of other bursae around the shoulder such as 
the subcoracoid bursa, which may be injected unintentionally 
during shoulder arthrography [38], is valuable for the arthrog- 
rapher. 

Recent reports show that MR is useful in evaluation of both 
rotator cuff tears [39] and impingement syndrome [39, 40] 
and may eventually replace arthrography and bursography. 
The results of our informal survey indicate that subacromial 
bursography is rarely, if ever, performed currently (Fig. 5). 


Elbow 


The anatomy of the olecranon bursa and technique of 
bursography have been described previously [41]. The clinical 
usefulness of the technique is extremely limited, other than 
to obtain fluid from a distended bursa for culture or crystal 
analysis or to check for communication between this bursa 
and the elbow joint, if this an important clinical concern. 
Alternatively such a connection also could be shown by 
injecting the elbow joint. We could find no institution at which 
olecranon bursa injection is now being performed. 


Hip 

Several bursae are located next to the hip, and the main 
reason to know about these structures is to recognize when 
one of them is filled during hip arthrography. One of these 
bursae, the iliopsoas or pectineal bursa [42, 43], communi- 
cates with the hip joint in 15% of cadavers [44]. It may be 
filled during hip arthrography (Fig. 6). Its enlargement is usu- 
ally associated with hip joint disease such as osteoarthritis, 
rheumatoid arthritis, or pigmented villonodular synovitis [43- 
45]. Occasionally, the iliopsoas bursa may be enlarged or 





Fig. 6.—Arthrogram of left hip of a man with 
pain shows filling of a large iliopsoas bursa (ar- 
rows) that extends into pelvis. 
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inflamed and the diagnosis of iliopsoas bursitis can be made 
with CT [46] or sonography. To the best of our knowledge, 
bursography is rarely indicated except to evaluate for a snap- 
ping iliopsoas tendon syndrome [27, 29]. 


Knee 


Two bursae have been described that are near the knee 
but do not connect to the joint [47, 48]. The first is the 
prepatellar bursa, which is located between the skin and 
patella/patellar ligament [48]. When bursitis is present, it is 
termed “housemaid’s knee.” Injection of contrast material into 
this bursa is rarely indicated. The other bursa near the knee 
is the deep infrapatellar bursa [47]. This bursa is located 
between the patellar ligament and the anterior surface of the 
tibia [47]. A technique for injection of this bursa has been 
described [47], but currently this too appears to be rarely 
indicated. None of the musculoskeletal radiologists contacted 
have injected either of these bursae. 


Foot 


The major bursa in the foot is the bursa tendinis calcanei 
(Achilles bursa) [49], which fits like a cap over the postero- 
superior angle of the calcaneus. When distended, it can be 
seen on plain radiographs as a soft-tissue density between 
the angle of the calcaneus and the Achilles tendon [4]. A 
technique for injecting contrast material into the bursa has 
been described but is not often performed [48, 49]. However, 
one author [50] advocates diagnostic aspiration if the cause 
of the bursitis is uncertain or if it is necessary to instill a 
therapeutic agent. Sonography may be promising in evaluat- 
ing the Achilles tendon and surrounding structures [51]. MR 
has been used successfully to evaluate the Achilles tendon 
and its adjacent structures and will be the preferred imaging 
method in the future for evaluating this area. Only one of the 
persons contacted has ever injected the preachilles bursa. 

In conclusion, tenography for diagnosis and therapeutic 
management of foot and ankle conditions is the major area 
where the procedure is of continued routine practical use. 
Diagnosis of snapping iliopsoas tendon is another, but rare, 
indication for bursography. Tenography in other areas and 
bursography have limited value. A review of the literature and 
an informal telephone interview with 15 musculoskeletal ra- 
diologists indicate that MR has replaced other indications for 
tenography and bursography. 


ACKNOWLEDGMENTS 


We give thanks to those who participated in the telephone inter- 
views. We also thank Sharon Keathley, Linda Macker, and Julie Imo 
for their secretarial assistance. 


REFERENCES 


1. Destouet JM, Monsees B, Gilula LA. Ankle tenography. In: Goldman AB, 
ed. Procedures in skeletal radiology. Orlando, FL: Grune & Stratton, 
1984:679-699 


AJR:154, January 1990 


2. Gilula LA, Oloff L, Caputi R, Destouet JM, Jacobs A, Solomon MA. Ankle 
tenography: key to unexplained symptomatology. Part II: Diagnosis of 
chronic tendon disabilities. Rediology 1984;151:581-587 

3. Eichelberger RP, Lichtenstein P, Brogdon BG. Peroneal tenography. JAMA 
1982;247: 2587-2591 

4. Palmer DG. Tendon sheaths and bursae involved by rheumatoid disease 
at the foot and ankle. Australas Radiol 1970;14:419-428 

5. Black HM, Brand RL, Eichelberger MR. An improved technique for the 
evaluation of ligamentous injury in severe ankle sprains. Am J Sports Med 
1978;6:276-282 

6. Reinus WR, Gilula LA, Lesiak LF, Blair VA, Winer M. Tenography in 
unresolved ankle tenosynovitis. Orthopedics 1987;10:497-504 

7. Deyerle WM. Long term follow-up of fractures of the os calcis: diagnostic 
peroneal synoviagram. Orthop Clin North Am 1973;4:213-227 

8. Resnick D, Goergen TG. Peroneal tenography in previous calcaneal frac- 
tures. Radiology 1975;115:211-213 

9. Evans GW, Frenyo SD. The stress-tenogram in the diagnosis of ruptures 
of the lateral ligament of the ankle. J Bone Joint Surg (Br) 1979;61-B: 
347-351 

10. Haller J, Resnick D, Sartoris D, Mitchell M, Howard B, Gilula L. Arthrog- 
raphy, tenography and bursography of the ankle and foot. Clin Podiatr 
Med Surg 1988;5:893-908 

11. Teng MMH, Destouet JM, Gilula LA, Resnick D, Hembree JL, Oloff LM. 
Ankle tenography: key to unexplained symptomatology. Part |: Normal 
tenographic anatomy. Radiology 1984;151:575-580 

12. Keyser CK, Gilula LA, Hardy DC, Adler S, Vannier M. Soft-tissue abnor- 
malities of the foot and ankle: CT diagnosis. AJR 1988;150:845-850 

13. Beltran J, Noto AM, Herman LJ, Lubbers LM. Tendons: high-field-strength, 
surface coil MR imaging. Radiology 1987;162:735-740 

14. Resnick D. Roentgenographic anatomy of the tendon sheaths of the hand 
and wrist: tenography. AJR 1975;124:44-51 

15. Weston WJ. The digital sheaths of the hand. Australas Radio! 1969;13: 
360-364 

16. Brewerton DA. Tenography in the rheumatoid hand. Hand 1970;2:46-47 

17. Brewerton DA. Radiographic studies of tendons in the rheumatoid hand. 
Br J Radiol 1969;42:487-492 

18. Resnick D. Osteomyelitis and septic arthritis complicating hand injuries 
and infections: pathogenesis of roentgenographic abnormalities. J Can 
Assoc Radiol 1976;27:21-238 

19. Engel J, Luboshitz S, Israeli A, Ganel A. Tenography in DeQuervain's 
disease. Hand 1981;13:142-146 

20. Weston WJ. The ulnar bursa. Australas Radiol 1973;17:216-218 

21. Semple JC. Instrumental and technical notes: radiographic appearances 
of normal flexor tendon sheaths in the hand. Br J Radiol 1970;43: 
271-273 

22. Middleton WD, Kneeland JB, Kellman GM, et al. MR imaging of the carpal 
tunnel: normal anatomy and preliminary findings in the carpal tunnel 
syndrome. AJR 1987;148:307-316 

23. Weiss KL, Beltran J, Lubbers LM. High-field MR surface-coil imaging of 
the hand and wrist. Part II. Pathologic correlations and clinical relevance. 
Radiology 1986;160:147-152 

24. Gooding GAW. Tenosynovitis of the wrist: sonographic demonstration. J 
Ultrasound Med 1988;7:225-226 

25. Fornage BD, Rifkin MD. Ultrasound examination of tendons. Radiol Clin 
North Am 1988;26:87-107 

26. Staple TW, Jung D, Mork A. Snapping tendon syndrome: hip tenography 
with fluoroscopic monitoring. Radiology 1988;166:873-874 

27. Schaberg JE, Harper MC, Allen WC. The snapping hip syndrome. Am J 
Sports Med 1984;12:361-365 

28. Lyons JC, Peterson LFA. The snapping iliopsoas tendon. Mayo Clin Proc 
1984;59:327-329 

29. Harper MC, Schaberg JE, Allen WC. Primary iliopsoas bursography in the 
diagnosis of disorders of the hip. Clin Orthop 1987,221 :238-241 

30. Fukuda H, Mikasa M, Yamanaka K. Incomplete thickness rotator cuff tears 
diagnosed by subacromial bursography. Clin Orthop 1987 ;223:51-58 

31. Lie S, Mast WA. Subacromial bursography: technique and clinical appli- 
cation. Radiology 1982;144:626-630 

32. Mikasa M. Subacromial bursography. Nippon Seikeigeka Gakkai Zasshi 
1979;53:225-231 

33. Strizak AM, Danzig L, Jackson DW, Greenway G, Resnick D, Staple T. 


AJR:154, January 1990 


Subacromial bursography. J Bone Joint Surg (Am) 1982:64-A: 196-201 


. Weston WJ. The enlarged subdeltoid bursa in rheumatoid arthritis. Br J 


. Steinbach LS, Schneider R, Goldman AB, Kazam E, Ranawat CS, Ghelman 








. i 
D e T o p 
A 

i 


EES 4 
LLLA] 


Radiology: Outre 


TENOGRAPHY AND BURSOGRAPHY 133 


B. Bursae and abscess cavities communicating with the hip: diagnosis 
using arthrography and CT. Radiology 1985;156:303-307 


Radiol 1969;42:481-486 44. Staple TW. Arthrographic demonstration of ilopsoas bursa extension of 
. Weston WL The subdeltoid bursa. Australas Radiol 1973:17:214-215 the hip joint. Radiology 1972;102:515-516 
. Cone RO, Resnick D, Danzig L. Shoulder impingement syndrome: radio- 45. Warren R, Kaye JJ, Salvati EA. Arthrographic demonstration of ar enlarged 
graphic evaluation. Radiology 1984;150:29-33 iliopsoas bursa complicating osteoarthritis of the hip: case report. J Bone 
. Hardy DC, Vogler JB III, White RH. The shoulder impingement syndrome: Joint Surg (Am) 1975;57-A:413-415 
prevalence of radiographic findings and correlation with ressonse to ther- 46. Peters JC, Coleman BG, Turner ML, et al. CT evaluation of enlarged 
apy. AJR 1986;147:557-561 iliopsoas bursa. AJR 1980;135:392-394 
. De Smet A. Arthrographic demonstration of the subcoracoid bursa. Skeletal 47. Weston WJ. The deep infrapatellar bursa. Australas Radiol 1973:17: 
Radiol 1982;7:275-276 212-213 
. Zlatkin MB, Dalinka MK, Kressel HY. Magnetic resonance imaging of the 48. Weston WJ, Palmer DG. Soft tissues of the extremities: a radiologic study 
shoulder. Magn Reson Q 1989;5:3-22 of rheumatic disease. New York: Springer-Verlag, 1978 
. Seeger LL, Gold RH, Bassett LW, Ellman H. Shoulder impingement syn- 49. Weston WJ. The bursa deep to tendo Achillis. Australas Radiol 1970;14: 
drome: MR findings in 53 shoulders. AJR 1988;150:343-347 327-331 
. Weston WJ. The olecranon bursa. Australas Radiol 1970;14:323-324 50. Canoso JJ, Wohigethan JR, Newberg AH, Goldsmith MR. Aspiration of 
. Weston WJ. The bursae deep to gluteus medius and minimus. Australas the retrocalcaneal bursa. Ann Rheum Dis 1984:43:308-312 
Radiol 1970;14:325-326 51. Mathieson JR, Connell DG, Cooperberg PL, Lloyd-Smith DR. Sonography 


of the Achilles tendon and adjacent bursae. AJR 1988:151:127-131 





ach‘Foundation 








SL A 77 
WZ DF 
AIDIN, i e aa 


The Radiology Outreach Foundation (ROF) is a nonprofit corporation whose goal is to 
help disadvantaged countries improve their health care by providing radiology equipment, 
books, consultation, education, and training to their practitioners. This assistance is on 
an application basis that is independent of political, ethnic, or religious orientation of the 
grantee. It depends on the need of the people and the ability of the ROF to meet that 
need. The ROF is approved by the U.S. Internal Revenue Service as a tax-exempt 
organization. It is endorsed by the following radiologic societies: American Association 
of Women Radiologists, American College of Radiology, American Roentgen Ray Soci- 
ety, Association of University Radiologists, Radiological Society of North America, 
Society of Chairmen of Academic Radiology Departments, Society for Pediatric Radiol- 
ogy, European Society of Pediatric Radiology. 

All donations to the ROF are tax deductible. Persons who would like to contribute 
financially to the ROF, would be interested in being a visiting professor, would like to 
send books or journals to any of the institutions supported by the ROF, or would like 
further information about the ROF should write to Charles A. Gooding, M.D., President, 
Radiology Outreach Foundation, 3415 Sacramento St., San Francisco, CA 94118 USA. 














134 


Book Review 





Avulsion and Stress Injuries of the Musculoskeletal System. Edited by Jamshid Tehranzadeh, Aldo N. Serafini, 
and M. Joyce Pais. New York: Karger, 126 pp., 1989. $52.75. 


This book is a series of three review articles about avulsion 
fractures and associated injuries, stress fractures, and skeletal scin- 
tigraphy in trauma. The text is well illustrated, and the figures are 
marked adequately to show the occasionally subtle findings. Line 
drawings are used effectively to enhance understanding of the perti- 
nent anatomy. The principal use of this work may be as an atlas of 
avulsion and stress injuries rather than as a textbook per se. 

The first chapter includes a discussion of all the principal avulsion 
fractures and related injuries. This leads to some curious choices as 
to what to include. One section is on flexion teardrop fractures of the 
cervical spine, which are not avulsion injuries. They presumably are 
included because of a previous discussion of extension teardrop 
fractures. The Bennett fracture of the thumb metacarpal is included, 
but the chapter has no discussion of the Rolando fracture, which is 
easily confused with the Bennett fracture. A discussion of traumatic 
osteolysis of the distal clavicle also illustrates the latitude taken in the 
definition of avulsion injury. Occasionally, too little is included rather 
than too much. Page 52 has a figure of a fracture of the posierior lip 
of the talus but no corresponding discussion of the os trigonum, 
which occurs more commonly and is a source of confusion. 

Although the descriptions of types of avulsion injury are exhaustive, 
the discussion of each is too superficial to be of any didactic signifi- 
cance to the reader. However, the chapter may be useful as an 
outline for review. Of particular merit in this regard is the line drawing 
on page 25 showing the relation of the bony anatomy of the pelvis to 
potential avulsion injuries of this area. 

The second chapter, by Pais and Wang, is a comprehensive review 
of stress injuries of the skeleton. It opens with a useful discussion of 
the sometimes confusing terminology of stress, fatigue, and insuffi- 
ciency fractures and continues with a brief discussion of the anatomy 
and biomechanics of stress injury. Following this is a short section of 
all the imaging tests useful in diagnosis. The discussion of scintigra- 
phy and single-photon emission CT is noteworthy in that it makes 


the entire following chapter on skeletal scintigraphy both redundant 
and incomplete, as single-photon emission CT is not discussed there. 
Stress injuries of all of the common sites are discussed. Reasons for 
insufficiency fractures, such as osteoporosis, previous surgery, and 
radiation, are mentioned. This is useful in instructing the reader to 
look for such fractures when these conditions exist. One of the 
difficult aspects of the radiologic evaluation of stress injury is the 
differential diagnosis. Without clinical information, residents frequently 
mistake such findings for infection or tumor, particularly in the shafts 
of long bones. Perhaps a discussion of differential diagnostic points 
would have been worthwhile. 

The third chapter is a discussion of bone scintigraphy in trauma, 
but it has little relation to the material in the previous chapters. 
Indeed, the discussion of scintigraphy in the chapter on stress injuries 
is sufficient for the purposes of the book. 

This work is not a coherent whole: The chapters are unrelated and 
the book has no underlying theme. Two distinct areas of skeletal 
trauma are discussed, and the final chapter on bone scanning does 
not emphasize avulsions and stress fractures. All the information 
here is covered in standard textbooks on skeletal trauma, such as 
Radiology of Skeletal Trauma by Rogers and The Radiology of Emer- 
gency Medicine by Harris and Harris, in a more complete and cohesive 
fashion. Although the cursory discussion makes this work unsuitable 
as a text for radiologists or orthopedists, the wealth of illustrations 
and clinical examples may make this a useful book for emergency 
physicians who want an introduction to avulsion and stress injuries. 
It may find its way to emergency department bookshelves as a brief 
guide and atlas. 
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Treatment of Suppurative Arthritis 
by Percutaneous Catheter 
Drainage 





Percutaneous catheter drainage to treat suppurative arthritis was performed in five 
joints in five patients. Joints drained included the hip in two cases and one case each 
of a hip joint prosthesis, an ankle joint, and a glenohumeral joint. Organisms isolated 
from the joints included Staphylococcus aureus in one hip joint and the hip prosthesis, 
and Haemophilus influenzae in the ankle joint. Specific organisms were not isolated in 
the other hip joint or in the shoulder joint. Systemic antibiotic therapy was used in all 
five patients, and in two patients gentamicin was instilled through the catheters. Joint 
infection was managed successfully with catheter drainage and antibiotics in three 
patients. In all three cases, the range of motion was restored and the patients became 
free of pain after catheter drainage. These three patients remained asymptomatic at 
follow-up ranging from 3 weeks to 9 months. In two patients, percutaneous drainage 
failed. In one patient, the catheter positions could not be maintained and the catheters 
repeatedly became dislodged. In the other, superimposed osteomyelitis necessitated 
surgical debridement. No complications occurred. 

Our experience suggests that suppurative arthritis can be successfully treated with 
drainage of the joint via a percutaneous catheter in combination with antibiotic therapy. 
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Septic arthritis is a grave disease. If joint function is to be preserved, the infection 
must be eradicated completely and quickly. Successful treatment requires both 
adequate antibiotic therapy and prompt and complete drainage of the joint. The 
joint may be decompressed surgically, through the use of repeated percutaneous 
aspirations, or as reported here, by means of drainage via percutaneously placed 
catheters. 


Materials and Methods 


Five patients were referred for aspiration of fluid to treat suspected pyarthrosis. Joints 
aspirated included two hips, one in an IV drug abuser who had previously undergone surgical 
debridement in the same joint for suppurative arthritis (Fig. 1) and the other in a patient with 
C5-level quadriplegia (Fig. 2); a prosthetic hip in a patient with severe rheumatoid arthritis 
(Fig. 3); an ankle in a patient with an episode of bacteremia after plasmapheresis (Fig. 4); and 
a shoulder in a patient with systemic lupus erythematosus complicated by cerebritis, pericar- 
ditis, nephritis, and formation of multiple abscesses (Fig. 5). 

Each joint was entered from the approach most likely to facilitate gravity-aided drainage. 
Organisms isolated from the joint aspirates included Staphylococcus aureus from the drug 
abuser’s hip and the prosthetic hip and Haemophilus influenzae from the ankle. Specific 
organisms were not isolated in the quadriplegic patient or in the patient with lupus. After 
purulent material was aspirated from the joint, a pigtail catheter was inserted by usirg a 
modified Seldinger technique [1]. Once the needle entered the joint, a guidewire was inserted, 
followed by dilators and a pigtail catheter. Catheters used included two 5.5-French catheters 
(Electro-Catheter Corp., Rahway, NJ), sutured in position in the patient with lupus, an 8.3- 
French self-retaining catheter (Cook, Bloomington, IN) in the drug abuser, and 6-French self- 
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Fig. 1.—34-year-old male IV drug abuser had had partial resection of the femoral head for osteomyelitis and pyarthrosis. He presented with hip pain 6 
months after surgery, and Staphylococcus aureus was aspirated from hip. Anteroposterior radiograph of hip after placement of 8.3-French pigtail catheter 


shows catheter positioned over partially resected femoral head. 13 days of catheter drainage and antibiotic therapy resulted in sterilization of joint aspirate 
and restoration of range of motion. Patient remained asymptomatic 4 months after removal of catheter. 


Fig. 2.—27-year-old male quadriplegic in whom abdominopelvic CT scan revealed an air/fluid level in hip. Patient was already receiving antibiotics, 
and although aspiration of joint yielded pus, no organism was isolated from cultures. A 6-French pigtail catheter was placed percutaneously. Injection of 
contrast material through catheter opacified hip joint as well as fistulous tract (arrow) communicating with a greater trochanteric abscess cavity. Despite 
22 days of catheter drainage, osteomyelitis of femoral head and acetabulum necessitated surgical debridement. 


Fig. 3.—46-year-old man with rheumatoid arthritis previously had undergone 14 joint replacements. He presented with hip pain, and Staphylococcus 
aureus was aspirated from hip. Initially, joint was drained surgically, but 9 days after surgery, patient again became febrile, and pus containing gram- 
positive cocci was aspirated from joint. 6-French catheter was placed in hip. Contrast injection opacified joint and a greater trochanteric abscess cavity. 
Patient was ambulating fully after 5 days of catheter drainage and antibiotic therapy, at which time joint aspirates were sterile. No recurrent joint infection 


was noted on follow-up 9 months later. 





Fig. 4.—62-year-old woman with renal failure had Haemophilus influen- 
zae bacteremia after plasmapheresis. Ankle pain developed, and pus 
containing gram-negative rods was aspirated from ankle and subtalar 
joints. A 6-French pigtail catheter was placed in posterior recess of ankle 
joint. Contrast injection opacified both ankle and subtalar joints. Catheter 
drainage was continued for 12 days, after which joint aspirate was sterile 
and range of motion was restored. Patient remained asymptomatic 3 weeks 
after removal of catheter. 


retaining catheters (Medi-tech, Inc., Watertown, MA) in the remaining 
patients. In all patients, a constant, low-pressure suction bulb (Jack- 
son-Pratt reservoir, American V. Mueller, Chicago, IL) was applied to 
the catheter, and in the drug abuser and the patient with rheumatoid 
arthritis, gentamicin was intermittently delivered directly into the joint 
through the catheter. Catheters were left in place for 5-22 days 


(average, 14 days). Systemic antibiotic therapy was continued 
throughout the catheter treatment. 


Results 


In three cases, the infection was treated satisfactorily 
through the combined use of antibiotic therapy and catheter 
drainage. These joints included the prosthetic hip joint, the 
ankle joint, and the drug abuser’s hip that had been surgically 
treated for an earlier bout of suppurative arthritis. Catheter 
drainage was completed in 5-13 days (average, 10 days). In 
each case, catheter drainage and antibiotic therapy resulted 
in restoration of range of motion of the affected joint, sterili- 
zation of the joint aspirate, and resolution of the patients’ 
joint symptoms. At follow-up, ranging from 3 weeks to 9 
months, the patients remained asymptomatic. 

In two cases, the catheter treatment failed. In one of these 
cases, osteomyelitis of the femoral head and acetabulum in 
the quadriplegic patient necessitated surgical debridement. In 
the patient with lupus, the catheter positions could not be 
Stabilized adequately, the catheters were dislodged repeat- 
edly, and surgical drainage was required. 

The percutaneous catheter was tolerated well by all pa- 
tients, and no catheter-related complications occurred. 


Discussion 


Successful treatment of bacterial septic arthritis results in 
relief of pain, restoration of joint motion, and prevention of 
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Fig. 5.—21-year-old woman with complicated systemic lupus erythem- 
atosus developed multiple abscesses and was receiving multiple antibi- 
otics. Serosanguinous fluid was aspirated from subdeltoid bursa, and 
although pus was aspirated from glenohumeral joint, no organism was 
isolated. Two catheters were placed in shoulder girdle. One catheter 
(arrow) entered glenohumeral joint via a posterior approach. Second cath- 
eter drained subdeltoid/subacromial bursa. Catheters were securely su- 
tured in place, but repeatedly dislodged in patient’s room. Surgical drain- 
age of glenohumeral joint was required 19 days after placement of cathe- 
ters. 


the sequelae of osteoarthrosis and ankylosis [2]. This requires 
appropriate-antibiotic therapy, immobilization of the joint, and 
drainage of the affected articulation. 

Appropriate antibiotic therapy must include systemic 
treatment directed toward any isolated organism. Several 
investigators have studied the intraarticular concentrations of 
antibiotics attainable through systemic administration of anti- 
biotics [3-5]. In these human studies, antibiotics investigated 
included penicillin G, phenoxymethyl penicillin, nafcillin, 
cephaloridine, cloxacillin, tetracycline, erythromycin, and lin- 
comycin in the first study [3], ampicillin, methicillin, penicillin, 
and cephalothin in the second [4], and ampicillin and kana- 
mycin in the third [5]. Administration was oral, intramuscular, 
and IV, depending on the antibiotic being administered. In 
each of these studies, articular antibiotic concentrations 
equalled or exceeded serum concentrations and, except for 
erythromycin [3], were in excess of the antibiotic concentra- 
tions required for inhibition or killing of the organisms usually 
Causing suppurative arthritis. Nelson [4] suggested that, be- 
cause of altered synovial permeability to the passage of 
antibiotic molecules in the setting of synovial inflammation, 
the peak serum antibiotic concentration may precede the 
peak articular concentration, but this and other studies indi- 
cate that effective articular antibiotic levels can be reached 
without the use of intraarticular antibiotic instillation. Further- 
more, the intraarticular administration of antibiotics may be 
counterproductive because they may produce a chemical 
synovitis [6, 7]. 

Decompression of the infected joint is required if joint 
function is te be preserved [8]. Undrained pus retards the 
effectiveness of antibiotics. Joint effusion and inflammatory 
debris destray the articular cartilage and lead to degenerative 
osteoarthrosis or ankylosis [8]. Traditionally, decompression 
of septic arthritis has been performed surgically or through 
repeated neecle aspiration of the infected joint. Surgical drain- 
age has been advocated when antibiotic therapy and aspira- 
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tion fail to eradicate the infection [9], when the infected joint 
is deep, such as the hip, or when the inflammatory debris or 
articular loculations prevent adequate aspiration [8, 10]. The 
results of needle aspiration are comparable to, if not better 
than, those associated with surgical drainage [8]. Patients 
treated surgically vs those receiving nonsurgical joint drainage 
may differ in the infecting organism, the duration of symptoms 
before initiation of therapy, the presence of any coexisting 
medical or surgical disease, and the inability to treat deep 
joints with repeated aspirations easily [8]. It appears, how- 
ever, that surgical decompression of a septic joint may not 
be mandatory. 

A recent multicenter study reported the use of arthroscopic 
debridement and drainage of septic knees [11]. In this study, 
46 septic knees were drained and lavaged arthroscopically 
and treated with long-term antibiotic therapy (ave-age, 2 
months). The joint effusion and the “inflammatory syrdrome” 
were resolved in 36 (78%) joints after the initial arthroscopic 
treatment. Five patients had a persistent articular infection, 
and five others became reinfected after initial success. Each 
of the five reinfections was subsequently managed success- 
fully, through a second arthroscopic lavage in four and after 
synovial centesis with yttrium-90 in one. 

Percutaneously placed catheters have been used widely 
and effectively in the management of a variety of infected and 
noninfected fluid collections, but limited experience with cath- 
eter drainage of joint infections has been reported [12, 13]. 
Sanders and Staple [12] placed an 18-gauge translumbar 
angiocatheter into an infected shoulder joint. Their patient’s 
pain decreased after 10 days of catheter drainage, at which 
time the joint fluid was clear and the catheter was removed. 
A letter by Proubasta et al. [13] reported catheter drainage 
of one infected hip and one infected shoulder. In their report, 
the affected joints showed “no further abnormality” at a 
minimum of 6 months follow-up. These authors reported no 
complications. 

In two of our five cases, percutaneous drainage failed. Our 
failure in one case due to repeated dislodgment of the cath- 
eters emphasizes the importance of maintaining catheter 
Stability. In our other failed case, osteomyelitis of the femoral 
head and acetabulum required surgical debridement of the 
affected osseous structures. Our success with percuta- 
neously placed catheters to treat suppurative arthritis in three 
cases, including a hip joint, a hip joint prosthesis, and an 
ankle/subtalar joint is promising. Hip joint infections in other 
series are associated with poor eventual results or, in the 
case of prosthetic joints, obligatory prosthesis removal and 
joint revision [8, 14, 15]. Our numbers are small, but the 
ability to manage an infected prosthetic joint or a deep joint 
infection nonoperatively may present a practical and attractive 
treatment option. 

Successful percutaneous catheter drainage obviates any 
morbidity associated with surgical drainage. It allows contin- 
uous drainage of the joint, lavage of the joint, and if desired, 
intraarticular administration of antibiotics. Under fluoroscopic 
guidance, the catheter can be placed in the most dependent 
portion of the joint. We have encountered no complications 
of catheter placement. Possible complications, however, in- 
clude infection of the joint due to the presence of a foreign 
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body, development of a fistulous tract, or particularly in a joint 
with a delicate capsule such as the shoulder, capsular rupture 
if lavage volumes are too great [12]. 
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Ovarian Teratomas: A Comparison of 
the Sonographic Appearance in 
Prepubertal and Postpubertal Girls 





Sonography was performed in 17 pediatric patients with 18 benign cystic teratomas 
of the ovary in order to compare the appearance of this entity in prepubertal and 
postpubertal girls. Particular attention was paid to the frequency of the characteristic 
features of this lesion, particularly mural nodules and acoustic shadowing. Of the eight 
lesions in children less than 13 years old, five were complex lesions and three were 
cystic. Mural nodules were found in three (38%) of eight lesions and acoustic shadowing 
in one (13%). Of the 10 lesions in the patients 13 years old or more, seven were complex 
and three were solid. Seven (70%) of 10 lesions contained a mural nodule, seven (70%) 
had acoustic shadowing, and one (10%) had a fluid/fluid level. 

Our experience suggests that typical sonographic features of ovarian teratomas occur 
more frequently in postpubertal than prepubertal girls. 
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The sonographic findings of ovarian teratomas in adults have been described, 
but there is little information in the literature concerning the appearance cf these 
lesions in prepubertal girls. Although earlier series have contained children as well 
as adults, researchers have not analyzed the two populations separately [1-6]. 
Accordingly, we evaluated the sonographic findings of ovarian teratomas in pre- 
pubertal and postpubertal children to determine if there is a difference in appearance 
of these masses in younger patients. 


Subjects and Methods 


We reviewed the real-time sonograms of 17 girls, 2-18 years old, with 18 surgically proved 
benign cystic ovarian teratomas. Eleven patients had asymptomatic palpable pelvic masses 
at physical examination, and six had acute abdominal pain. 

Ten of 18 ovarian teratomas occurred in postpubertal girls, and eight lesions were in 
prepubertal girls. Of the 12 nontorsed masses, six each were in prepubertal and postpubertal 
girls. Torsion of the adnexa was present in five lesions, two in prepubertal and three in 
postpubertal girls. One postpubertal patient had bilateral teratomas, one of which was 
perforated. 

The teratomas ranged in diameter from 5 to 15 cm with a mean diameter of 9 cm. Fourteen 
masses were primarily adnexal in location (eight right, six left) and four were located in the 
abdomen. The abdominal masses were in prepubertal children and at surgery extended out 
of the pelvis because of their large size. 

Sonography was performed with commercially available real-time sector scanners with 
3.5- or 5-MHz transducers. Longitudinal and transverse views were obtained transabdominally 
through the full bladder. The images were evaluated for the location, size, and internal 
consistency of the tumor; the presence of mural nodules and acoustic shadowing; and the 
relationship of the mass to other pelvic structures. The presence and location of free peritoneal 
fluid also were evaluated. These results were compared with surgical and pathologic findings. 
Based on their internal echotexture, the masses were classified as predominantly cystic, 
complex, or predominantly solid. The sonographic appearances of the teratomas also were 
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compared with patient age and sexual maturation, which was clas- 
sified as prepubertal (<13 years old) and postpubertal (213 years 
old). 


Results 


The spectrum of sonographic findings in the 18 teratomas 
is shown in Table 1. A complex mass with predominantly 
cystic components was seen in 12 (66%) of 18 tumors. A 
predominantly solid mass was noted in three (17%) of 18 
tumors and a purely cystic form in three tumors (17%). Five 
of the complex lesions were in prepubertal girls, and seven 
were in postpubertal patients. All three cystic tumors occurred 
in prepubertal girls, whereas the predominantly solid tumors 
were seen only in postpubertal girls (Figs. 1 and 2). 

Mural nodules containing soft tissue and fat were seen at 
pathologic examination in 17 of 18 lesions and were detected 
with sonography in 10 of 17 tumors (Table 1). All 10 mural 
nodules detected with sonography were associated with com- 
plex lesions. Of the 10 nodules, three were in prepubertal 
girls and seven in postpubertal patients (Fig. 3). The 10 mural 
nodules were 9 mm to 3 cm in diameter. Mural nodules were 
detected in seven other tumors only on pathologic examina- 
tion. In the three cystic lesions, the mural nodules were less 
than 4 mm in diameter and were not seen sonographically. 


TABLE 1: Sonographic Findings in Cystic Teratomas 


a 





Finding Prepubertal Postpubertal 
(No. of Patients) Girls Girls 
Cystic (n = 3) 3 0 
Complex (n = 12) 5 7 
Mura! nodule (n = 10) 3 7 
Solid component (n = 6) 2 4 
Septation (n = 2) 1 1 
Fluid/fluid level (n = 1) 0 1 
Solid (n = 3) 0 3 
Acoustic shadowing (Nn = 8) 1 7 
Cul-de-sac fluid (n = 2) 1 1 





Fig. 1.—Cystic teratoma in a 10-year-old girl. 
Transverse sonogram shows a large anechoic 
mass with a thin wall and good sound transmis- 
sion. U = uterus. 





Fig. 2.—Solid teratoma in a 15-year-old girl. 
Transverse sonogram of pelvis shows an echo- 
genic mass that is inseparable from right ovary. 
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Mural nodules in two of the complex and two of the solid 
masses were not detected by sonography because they were 
obscured by adjacent echogenic material. 

Echogenic central masses shown to contain an admixture 
of matted hair and fat were detected by sonography in the 
cyst fluid (Fig. 4) in six teratomas, and thin echogenic septa 
were detected in two teratomas (Fig. 5). These findings 
occurred with equal frequency in prepubertal and postpuber- 
tal girls. A fluid/fluid level was shown in one of the 10 
teratomas in postpubertal girls (Fig. 6). 

Five mural nodules and three central masses showed pos- 
terior acoustic shadowing. Seven of these eight lesions Oc- 
curred in postpubertal girls and only one was in a prepubertal 
patient (Fig. 4). In three other tumors, two in a prepubertal 
and one in a postpuberta! girl, calcification or a tooth was 
shown at pathologic study only. 

Other findings included fluid in the cul-de-sac in two pa- 
tients. One of the two patients had a perforated teratoma, 
and the other had adnexal torsion. Mild hydronephrosis was 
present in two prepubertal children with large intraabdominal 
teratomas. 


Discussion 


Mature cystic teratomas or dermoid cysts are congenital 
tumors arising from pluripotential germ cells and account for 
about two thirds of ovarian tumors in children [7]. The vast 
majority are composed of a cyst lined by squamous epithe- 
lium. Mural nodules containing tissues from all three germ cell 
layers often are present on the cyst wall. Eighty percent of 
mature teratomas are reported to occur during the reproduc- 
tive years. 

About two thirds of patients with teratomas present with 
palpable masses, which may appear abdominal in location 
because of extension outside of the pelvis. Symptoms of an 
acute abdomen, caused by torsion of the vascular pedicle or 
rupture of the mass, have been reported in 30-40% of 
patients [7]. Torsion is a common complication of ovarian 





Fig. 3.—Complex teratoma with mural nodule 
in an 11-year-old girl. Longitudinal sonogram 
through left adnexa shows a complex mass with 
an echogenic mural component (arrows) in wall. 
Torsion of left adnexa was seen at pathologic 
examination. 
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Fig. 4.—Complex teratoma with central solid 
masses in a 2-year-old girl. Longitudinal sono- 
gram of left adr=xa shows large echogenic com- 
ponents within teratoma. Bright echogenic foci 
within mass that produce acoustic shadowing 
(arrows) are calcifications. Note enhanced 
through-transmession. 


along anterior wall. 


teratomas and was noted in five (28%) of 18 tumors in our 
Study. This ciinical finding was slightly more frequent in post- 
pubertal girls. The sonographic findings of ovarian torsion 
were not significantly different from those of the nontorsed 
ovary. Although marked thickening and edema of the cyst 
wall and tube have been reported on the same side as the 
tumor on CT, this finding was not present on sonography in 
Our patients 8]. 

Ovarian teratomas are most often unilateral, but bilateral 
Ovarian teratomas have been reported in 10% of patients [7]. 
Most tumors are between 5 and 15 cm in diameter and can 
be detected easily by sonography. Although easily recogniz- 
able, their appearance often is nonspecific [9]. Only eight 
(44%) of the 18 tumors in our Study showed one of the 
findings considered typical of ovarian teratoma—an echo- 
genic focus with posterior acoustic shadowing. These results 
are similar to those of Laing et al. [4] and Buy et al. [8], who 
showed this characteristic finding in 38% and 44%, respec- 
tively, of tumors in their studies. When prepubertal! and post- 
pubertal patients are evaluated separately, acoustic shad- 
Owing is much more frequent in postpubertal girls (70%) than 
in prepubertal girls (13%). One explanation for ths discrep- 
ancy is that ealcified elements are present but do not cast a 
Shadow either because they are microscopic or are masked 
within mattec hair. 

Mural nodules or dermoid plugs are other frequent findings 
of ovarian teratomas detected with sonography; they were 
seen in 55% of the lesions in our Study compared with 80% 
of the benigmtumors in the Study by Buy et al. [8] and in 92% 
of cases in *he Study by Quinn et al. [10]. Those nodules 
were found singly in our Study, although multiple nodules 
have been described. Mural nodules were twice as frequent 
in postpubertal as in prepubertal girls. If these two age groups 
are examinec separately, 70% of postpubertal girls but only 
38% of prepubertal patients have sonographically recogniz- 
able mural nodules. A large part of this difference can be 


Fig. 5.—Complex teratoma with septation in 
a 9-year-old girl. Longitudinal sonogram shows 
a largely cystic mass with a thick septum (ar- 
rows). Also note a mural nodule (arrowheads) 
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Fig. 6.—Complex teratoma with fluid/fluid level 
in a 17-year-old girl. Transverse sonogram shows 
a large cystic mass with a fluid level and through- 
transmission. 


attributed to the very small size of the mural nodules (<5 mm) 
in some prepubertal girls. 

In conclusion, ovarian teratomas have a variable appear- 
ance on sonography because of their heterogeneous com- 
position. The two most common findings are mural nodules 
(95%) and echogenic foci with acoustic shadowing (44%). 
Each of these occur in 70% of lesions in postpubertal girls. 
In contrast, mural nodules and acoustic shadowing are seen 
in only 38% and 13% of lesions in prepubertal girls. Our 
limited experience suggests that sonography is more helpful 
in postpubertal than in prepubertal girls in providing a specific 
diagnosis of ovarian teratoma. However, in both croups, 
Ovarian teratoma needs to be considered in the differential 
diagnosis of an adnexal mass, regardless of its internal archi- 
tecture. 
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Book Review 





Imaging of the Pediatric Urinary Tract. By Thomas L. Slovis, John R. Sty, and Jack O. Haller. Philadelphia: 


Saunders, 288 pp., 1989. $55 


This collaborative effort fills a void in the pediatric radiologic 
literature. It begins, correctly enough, with a long chapter devoted to 
the different imaging techniques available. The authors describe the 
methods of performing uroradiologic studies that work well in their 
hands. The details they provide may be useful to the radiology 
resident or radiologist who does few pediatric cases and needs such 
information. Pediatric radiologists who frequently perform genitouri- 
nary studies may disagree with some of the imaging protocols; such 
specialists have developed routines suited to their specific strengths. 

The emphasis on nuclear medicine studies is unusual but war- 
ranted. Nuclear studies often are undervalued and underused even 
in appropriate clinical settings. Because nuclear studies often provide 
important physiologic information not otherwise available or use 
doses of radiation significantly lower than those of standard exami- 
nations, they have, over the last decade, been used more frequently 
in infants and children. In chapter 1, the authors provide extensive 
data on the physical properties, uses, and dosages of many com- 
monly used radionuclides. An appendix of specific technical informa- 
tion is placed at the end of the chapter. For some readers, the amount 
of material in this appendix may be excessive. To others, this infor- 
mation will be a valuable reference. The placement of the appendix 
in the middle of the book is a bit jarring. Also, it is unfortunate that 
many of the figures are not of the best quality; hence they detract 
from the intended message. 

The succeeding four chapters are organized according to the age 
of the patient: the neonate, the child from 1 month to 4 years, the 
child to age 10 years, and the adolescent. The entities that are 
frequent in each age group and the studies best suited for imaging 
each entity are presented. The chapter on the neonate is excellent. 
The chapter on the child from 1 month to 4 years has an extensive 


amount of text devoted to neoplasia (Wilms tumor, neuroblastoma, 
rhabdomyosarcoma) in relation to the much more common entities, 
such as renal duplications. The compressed discussion on ectopic 
ureters combines material on ectopically draining ureters with material 
on ectopic ureteroceles. The radiologic appearance and clinical pres- 
entation of these complications of duplication are quite distinct, a 
point not well made in the text. The next two chapters are “Urinary 
Tract Infection” and “Diseases That Affect All Age Groups.” The first 
is self-explanatory, and the second is a catchall for topics the authors 
thought should be covered. 

An important strength of Imaging of the Pediatric Urinary Tract is 
the inclusion of broad and current bibliographies at the ends of the 
chapters. One problem, as mentioned before, is the uneven quality 
of the illustrations. Although many are excellent, a number of the 
sonograms are of poor quality and are from the previous generation 
of sonographic equipment. More complete labeling of the images 
would make them more valuable. Despite the problems mentioned, 
this is still an important and valuable book. The how-to approach in 
the first chapter will help many readers improve the quality of their 
pediatric urologic examinations. The ease with which the text reads 
aids in the understanding of the material. 

The book will be useful in radiology libraries of institutions with 
radiology residencies as well as those without. Both the resident and 
the experienced radiologist can learn from this text, which has been 
kept short enough to encourage full reading. 
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Sonography of Facial Features of 
Alobar and Semilobar 
Holoprosencephaly 





Twenty-seven cases of alobar/semilobar holoprosencephaly were reviewed to deter- 
mine and classify the associated facial abnormalities detected with prenatal soncgraphy. 
All but one case were diagnosed prospectively with sonography. Facial abnormalities 
were present in 24 of 27 cases and were detected in 14 (58%) of 24 fetuses on prenatal 
sonography. Prenatal abnormalities detected by sonography included cyclopia (four of 
five), ethmocephaly (two of three), cebocephaly (one of three), midline cleft lip (four of 
eight). lateral cleft lip (two of two), and mild hypotelorism (one of three). One or more 
extrafacial anomalies were present in 14 (52%) of 27 fetuses. Other major structural 
anomalies detected prenatally by sonography included meningomyelocele (two of two), 
renal dysplasia (five of six), omphalocele (three of four), esophageal atresia (zero of 
three), and cardiac defects (one of seven). Chromosomal analysis revealed abnormal 
karyotype in 13 (50%) of the 26 fetuses in which it was performed; the most common 
abnormality was trisomy 13 (seven cases). The perinatal mortality rate was 89% (24 of 
27); three neonates with holoprosencephaly were alive when discharged from the 
hospital. 

It is concluded that when a major cystic abnormality of the fetal brain is detected, 
prenatal sonographic analysis of midline facial defect may allow more definitive diag- 
nosis of alobar or semilobar holoprosencephaly; affected fetuses often have other major 
Structural abnormalities, and the outcome is nearly always fatal. 
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Holoprosencephaly is a complex intracranial abnormality characterized by absent 
or incomplete cleavage of the prosencephalon. Alobar holoprosencephaly is the 
most severe form of holoprosencephaly, with less severe forms including semilobar 
and lobar holoprosencephaly [1-3]. Characteristic intracranial findings in alobar 
holoprosencephaly include a monoventricular cavity, fused thalami, and absence 
of midline structures such as the corpus callosum and falx cerebri [4-9] (Fig. 1). 
Facial abnormalities frequently are associated with alobar holoprosencephaly and 
are embryologically related to the cerebral malformation. Several reports describe 
facial abnormalities associated with holoprosencephaly [10-13], although such 
facial abnormalities have not been classified or studied in a large series. We 
reviewed the extracerebral sonographic findings associated with alobar and semi- 
lobar holoprosencephaly, concentrating on characteristic facial features. 


Materials and Methods 


We reviewed the sonographic findings in correlation with the clinical and patholocic data 
from 30 consecutive fetuses or neonates identified with alobar or semilobar holoprosenceph- 
aly during a 5-year period (August 1983 to August 1988) at three referral centers for high- 
risk obstetrics. Three fetuses were eliminated from this series because of inadequate follow- 
up (n = 2) or severe maceration resulting from intrauterine demise (^n = 1), leaving a total of 
27 fetuses. Sonographic examinations were performed at one of three referral centers, with 
the exception of two fetuses examined at outside hospitals. Indications for the examination 
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included suspected fetal malformations (n = 17), confirmation of 
dates (n = 4), suspected growth retardation (n = 2), premature labor 
(n = 2), twins (n = 1), and elevated serum alpha-fetoprotein (n = 1). 

Sonography was performed with a variety of commercially available 
real-time sonographic equipment by using 3- to 5-MHz transducers. 
During the last 2 years of the study, each institution preferentially 
used an electronically focused phase-array sonographic system (Acu- 
son, Mountain View, CA) for the evaluation of fetuses with suspected 
abnormalities. Of the 22 fetuses with alobar holoprosencephaly and 
five with semilobar holoprosencephaly, 24 were examined by au- 
topsy, and the three living neonates were examined by postnatal 
sonography and CT (Fig. 1). The three infants who were alive at the 
time of discharge from the hospital had thorough clinical and radio- 
graphic evaluations. Chromosomal analysis was performed in 26 of 
the 27 fetuses. 

The menstrual age at the time of diagnosis of holoprosencephaly 
was earlier than 24 weeks in eight cases, 24-28 weeks in eight, and 
later than 28 weeks in 10. In 26 of the 27 fetuses the diagnosis of 
holoprosencephaly was made prospectively with sonography, in one 
case, evaluation at an outside institution failed to make the diagnosis 
of holoprosencephaly. 

The fetal anomalies noted by clinical examination and autopsy 
were correlated with fetal anomalies detected with sonography. Facial 
abnormalities were classified into one of six categories: (1) cyclopia 
with proboscis, (2) ethmocephaly, (3) cebocephaly, (4) midline cleft 
lip, (5) lateral cleft lip, and (6) mild hypotelorism without cleft lip. 
Extrafacial abnormalities were classified according to their location, 
type, and severity. Facial features were correlated with specific type 
of holoprosencephaly (alobar or semilobar) and with infant survival. 


Results 


Facial anomalies were present in 24 of 27 fetuses (Table 
1). The prenatal sonographic features of these various anom- 
alies are shown in Figures 2-6. The most common abnor- 
mality was a midline cleft lip, which was present in eight 
fetuses and detected prenatally with sonography in four fe- 
tuses (Fig. 5). The most severe defect was cyclopia, which 
was detected in four of five cases (Fig. 2). In three fetuses, 
mild hypotelorism and flattening of the midface, as described 
in the pathology report, was detected with prenatal sonog- 
raphy in only one of the three. Overall, 58% of the facial 
anomalies were detected with sonography. 
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There were five cases of semilobar holoprosencephaly. 
These were associated with midline cleft lip (two cases), 
hypotelorism (two cases), and a normal face (one case). In 
one cyclopic fetus, there was the suggestion of gyri formation 
with a slight indication of sylvian fissures bilaterally, but there 
was a single ventricle and a dorsal cyst; thus, this case was 
best classified as an alobar rather than a semilobar form of 
holoprosencephaly. Cyclopia, ethmocephaly, or cebocephaly 
occurred only in cases of alobar holoprosencephaly. In one 
case, alobar holoprosencephaly was accompanied by a 2-cm- 
diameter hamartomatous lesion identified at the base of the 
midline cerebral cavity. One twin of a dichorionic diamniotic 
pregnancy had alobar holoprosencephaly. Both twins had a 
normal female karyotype. 

The specific extrafacial anomalies associated with holo- 
prosencephaly are numerous. Only the major structural de- 
fects are listed here. The major defects of the abdomen are 
well delineated with prenatal sonography and include renal 
dysplasia (five of six) and omphalocele (three of four); esoph- 
ageal atresia (zero of three) and bladder extrophy (zero of 
one) were not identified. Anomalies of the thorax, including 
lung hypoplasia (zero of three) and heart defects (one of 
seven), were poorly detected with prenatal sonography. Four 
ventricular septal defects, an atrial septal defect, and a two- 


TABLE 1: Sonographic Detection of Facial Abnormalities 
Associated with Holoprosencephaly 











No. (%) 
Facial Abnormalities Sonographic Pathologic 
Diagnosis Diagnosis 
Cyclopia 
(proboscis) 4 (80) 5 
Ethmocephaly 
(proboscis) 2 (67) 3 
Cebocephaly 1 (33) 3 
Midline cleft lip 4 (50) 8 
Lateral cleft lip 2 (100) 2 
Hypotelorism 1 (33) 3 
Total 14 (58) 24 





Fig. 1.—Alobar holoprosencephaly. 

A, Sagittal sonogram of neonatal head with 
alobar holoprosencephaly shows monoventricu- 
lar cavity (C) that extends posteriorly as a dorsal 
sac (S). (Reprinted with permission from Mc- 
Gahan et al. [6].) 

B. Coronal sonogram of neonatal head with 
alobar holoprosencephaly shows monoventricu- 
lar cavity (C) with surrounding cerebral tissue 
(open arrows), fused thalami (solid arrow), and 
absence of midline structures such as falx cer- 
ebri. 
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Fig. 2.—Cyclopia. 
A, In utero axial sonogram of face shows fused but widely separated bony orbit (arrows). A = anterior. 
B and C, Lengitudinal scan in utero (B) and gross specimen (C) show cyclopia with fused orbits (short straight arrows), proboscis cephalad to fused 


orbit (long straight arrows), and fetal lips (curved arrows). Normal medial fold of upper lip, or philtrum, is absent. 


A 


Fig. 3.—Ethmocephaly. 
A and B, in utero sagittal sonogram of face (A) and corresponding gross specimen (B) show 
slitlike orbits (curved arrows), prominent forehead, and a proboscis (long straight arrows). Low-set 
ears (short straight arrows) also are identified on prenatal sonogram. (Reprinted with permission 
from McGahan et al. [6].) 


chamber heart were not identified with prenatal sonography, 
but a case of transposition of the great vessels with an 
associated atrial septal defect was well depicted. Two lumbar 
meningomyeloceles were detected with prenatal sonography 
and three of five fetuses with polydactyly were identified; one 
of three fetuses with a clubfoot was detected with prenatal 
sonography. In one case, renal agenesis was incorrectly 
diagnosed on sonography; normal kidneys were present at 
autopsy. 

Chromosomal analysis included a normal female karyotype 
in nine fetuses, a normal male karyotype in four fetuses, and 
trisomy 13 or trisomy 13 translocation in seven fetuses. Other 
abnormal karyotypes included two cases of triploidy (69,XXY), 
one case of a partial trisomy 18 (46,XY,—18, +q), one case 
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Fig. 4.—Cebocephaly. Gross specimen of fetus 
shows hypotelorism and flattened nasal bridge. 
The nose has a single opening. 


of partial deletion (46,XX,del—7, q32), one case of 46,XY,5p+, 
and one case of a translocation involving p+22,p23. In one 
fetus, no karyotyping was performed. Therefore, trere was 
an abnormal karyotype in 13 of the 26 fetuses that were 
karyotyped. 

Fetal outcome was poor. Eleven pregnancies were termi- 
nated, 13 neonates died shortly after delivery, and three 
neonates were discharged from the hospital. Of the 16 preg- 
nancies not terminated, there were no survivors with cyclopia, 
ethmocephaly, or cebocephaly. Of the three neonates that 
left the hospital, one had a normal face with semilobar holo- 
prosencephaly, one had an isolated midline cleft lip and sem- 
ilobar holoprosencephaly, and the third had a midline cleft lip 
and exstrophy of the bladder with alobar holoprosericephaly. 
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Fig. 5.—Median cleft lip. 
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A, In utero axial sonogram of face shows closely spaced orbits (O) (hypotelorism) and absence of nasal bridge (arrow). 
B and C, Axial sonogram (B) and corresponding gross specimen (C) of midface show median cleft lip (arrow). 


(Reprinted with permission from Nyberg et al. [14].) 





Discussion 


Causes of Holoprosencephaly/Facial Anomalies 


The cause of holoprosencephaly is still not completely 
known. Environmental, mechanical, and genetic factors have 
been mentioned as possible causes [15, 16]. Microlaser irra- 
diation of the anterior neural crest cells in chick embryos has 
been reported to induce cyclopia [17]. In humans, cyclopia 
has been associated with cytomegalovirus infection [18], 
maternal diabetes [19], and ingestion of salicylate [20]. 

Hereditary patterns of prosencephaly are not understood 
completely. There have been familial occurrences and reports 
of monozygotic and dizygotic twins in families with cleft 
palates [21, 22]. One of our cases of alobar holoprosenceph- 
aly with multiple congenital anomalies was a twin pregnancy 
with one normal twin. This was in a diamniotic dichorionic 
pregnancy. Pregnancies in which both twins have cyclopia 
have been reported, as have presumed monozygotic twins 
with one twin normal and the other with cyclopia [23]. 


Fig. 6.—Lateral cleft lip. 

A and B, Prenatal sonogram (A) and gross 
specimen (B) show somewhat flattened nose 
(solid arrow) and laterally situated cleft lip and 
palate (open arrow). 


Embryology of Holoprosencephaly 


The embryologic development of holoprosencephaly results 
from absent or incomplete diverticulation of the cerebrum. 
Normally, the brain divides into the prosencephalon, mesen- 
cephalon, and rhombencephalon at about 4-8 fetal weeks 
[21]. The prosencephalon, in turn, forms the telencephalon, 
which will become the paired cerebral hemispheres and the 
lateral ventricles, and the diencephalon, which develops into 
the thalamus and hypothalamus. Failure of normal cleavage 
of the prosencephalon results in a monoventricular cavity 
instead of the distinct lateral and third ventricles. 

Alobar holoprosencephaly is the most severe and devas- 
tating form of holoprosenceohaly. Semilobar holoprosenceph- 
aly is an intermediate category where there is clearly more 
brain parenchyma, particularly in the temporal or occipital 
lobe, although a monoventnicular cavity persists. The thalami 
are usually fused. Lobar holoprosencephaly is a rare form of 
holoprosencephaly that usually has fusion only of the anterior 
portion of the cerebral ventricles. 


Embryowgy of Facial Abnormalities 


The aonormalities of the prosencephalon seem to be related 
directly to the mesenchymal tissue of the prechordal meso- 
derm, which is normally responsible for both the cleavage of 
the teleacephalon and the development of the median facial 
Structures: “he orbits, nose, median upper lip, and palate, 
including the bones of the ethmoid (crista galli, vomer bones, 
and nasal septum). As such, it has been stated by DeMyer 
[1] that “the clinician who understands the relationship be- 
tween holoprosencephaly and cranial facial malformations can 
predict the brain malformations from the patient's face.” Thus, 
prenatal sonographic detection of a midline facial abnormality 
also will.allow a more definitive diagnosis of holoprosenceph- 
aly. In omr limited series, the more severe facial abnormalities, 
such as cyeiopia, ethmocephaly, and cebocephaly, occurred 
only wit the alobar form; in general, other midline facial 
features occurred with both semilobar and alobar forms of 
holoprosencephaly. There was a high rate of occurrence of 
midline aciél abnormalities with alobar/semilobar holopros- 
encephay, occurring in 24 of 27 cases. Each of these abnor- 
malities ss described separately later in the Discussion. 


Sonographic Findings in Holoprosencephaly 


Sonocraphy is most helpful in the prenatal diagnosis of 
alobar end semilobar holoprosencephaly. The sonographic 
findings of alobar holoprosencephaly have been well delin- 
eated and include a monoventricular cavity that may be 
completely covered by cerebral tissue or extend posteriorly 
as a dorsal sac (Fig. 1). Alobar holoprosencephaly and semi- 
lobar holprosencephaly differ in the amount of cerebral tissue 
covering the monoventricular cavity. In alobar Foloprosen- 
cephaly, micline structures are absent, such as the corpus 
callosum and the midline falx cerebri. There is fusion of the 
midline cerebral structures such as the thalami (Fig. 1). The 
findings in semilobar holoprosencephaly are similar, except 
more cesebral tissue is present, usually in the temporal lobes. 
Usually Mere are rudimentary occipital horns and separation 
of the oeciprtal lobes. 

A specific prenatal diagnosis of alobar holoprosencephaly 
or semilebar holoprosencephaly may be very influential in the 
clinical management and follow-up of the pregnancy. For 
instance when there is neither termination of the pregnancy 
nor fetal demise, vaginal delivery may be more appropriate 
than agcressive obstetric management and cesarean section. 
Identification of midline facial abnormalities may help in diag- 
nosing holoprosencephaly. 


Facial Abnormalities 


Holoprosencephaly may be associated with a number of 
facial abnormalities including cyclopia, ethmocephaly, cebo- 
cephaly, median cleft lip and cleft palate, lateral cleft lip and 
palate, mild hypotelorism. In our series, more severe facial 
abnormeities such as cyclopia occurred only with alobar 
holopros=ncephaly. 

Cyclopia.—Cyclopia is a monstrosity characterized by a 
median 2ye. There are various degrees of ocular fusion; 
perfect cyclopia results in a single cornea, pupil, and lens 
without evidence of doubling. In most cases, two fused eyes 
may be ‘ound in a single orbit. Even in perfect cyclopia, the 


orbit is usually framed by two upper and two lower eyelids. 
The optic nerve itself may show various degrees of duplica- 
tion. The external nose is lacking or situated above the eye 
in the form of a proboscis. This is well delineated by sonog- 
raphy in Figure 2. The facial bones are missing. The median 
cleavage of the upper lip (the philtrum) is absent. Absence or 
smallness of the mouth (astomia or microstomia) or absence 
of the lower jaw with approximation or fusion cf the ears 
(otocephaly) has been reported to occur with cyclopia [24]. 
Sonography has been shown to be useful in the prenatal 
diagnosis of cyclopia [4, 5, 11, 13]. In Figure 2, one orbit is 
elongated side to side, probably resulting from two fused 
orbits. Thus, when extreme hypotelorism is demonstrated in 
association with holoprosencephaly, cyclopia should be con- 
sidered as there may be only a single external opening Above 
the orbit is the proboscis. The ears and lower jaws in this 
case are within normal limits. 

Ethmocephaly.—Ethmocephaly is morphologically closely 
related to cyclopia, but neither the eyes nor the orbits are 
fused. The nose is absent or represented by a proboscis. The 
nasal bones, maxilla, and nasal septum and turbinates are 
missing and the lacrimal and palatine bones united. This 
abnormality is thought to represent a slight variant of cyclopia: 
the eyes are not totally fused and there are two distinct orbits 
with marked hypotelorism. A proboscis is present, usually at 
the level of the orbits. This is well illustrated in Figure 3, in 
which, in addition to the classical findings of ethmocephaly, 
there are associated low-set malformed ears. In our series, 
this abnormality occurred only with alobar holoprosencephaly. 

Cebocephaly.—The term cebocephaly is derived from the 
supposed resemblance to the platyrrhinic monkey ‘ace, char- 
acterized by a flat and rudimentary nose. The head is usually 
malformed, being somewhat trigonocephalic. There is hypo- 
telorism and usually a single flat nostril associated with the 
malformed nose; the philtrum of the upper lip is absent (Fig. 
4). This abnormality may be more difficult to recognize pre- 
natally as the facial abnormalities are more subtle than those 
of cyclopia or ethmocephaly [10]. Variations of ethmocephaly 
and cebocephaly have been reported [3, 25]. 

Median and Lateral Cleft Lip.—Median cleft lip is commonly 
associated with alobar/noloprosencephaly but may be asso- 
ciated with less severe forms of holoprosencephaly, especially 
that of the semilobar form as seen in our series (Fig. 5). Often 
in midline cleft lip there is associated trigoncephaly. Tre nose 
may be flat and there may be a cleft palate with partial 
absence of the premaxilla, nasal septum, horizontal ethmoid, 
and crista galli. Hypotelorism is usually mild and subtle. Subtle 
cases of hypotelorism may be detected by comparison with 
the intermalar and interethmoidal distances of normal values, 
which have been tabulated at 10-40 weeks of gestation 
[26]. Three of our cases showed mild hypotelorism and 
otherwise normal faces at autopsy; these would hav2 been 
difficult to detect prenatally without comparison with normal 
measurements. 

Lateral cleft lip is rarely associated with holoprosencephaly 
[3], although it was associated with holoprosencephaly in two 
of our cases (Fig. 6). In lateral cleft lip, the maxilla and palatine 
bone may be absent, giving rise to a cleft palate. Lateral cleft 
lip and palate may be unilateral or bilateral. The asscciation 
of lateral cleft lip in forms of holoprosencephaly is well known, 
but there are many cases of cleft lips or cleft palates without 
accompanying brain abnormalities [3, 27]. 


Associated Findings 


In one of our cases a 2-cm hamartomatous tissue malfor- 
mation was identified at the base of the monoventricular 
cavity. This was Classified as a diencephalic mesencephalic 
hamartoma that contained primitive neural elements. These 
hamartomatous malformations have previously been reported 
to be associated with alobar holoprosencephaly [3, 28]. 

As delineated, other nonfacial anomalies are common with 
holoprosencephaly. Associated abnormalities in the fetus may 
be overlooked prenatally on sonography. This may occur 
when there has been a confident prenatal diagnosis of alobar/ 
semilobar holoprosencephaly and therapeutic options have 
been chosen; then, associated findings seem somewhat un- 
important. However, in cases of holoprosencephaly, special 
attention should be paid not only to sonographic analysis of 
the fetal face, but also to the rest of the fetus for other major 
structural abnormalities. Although holoprosencephaly is as- 
sociated with a dismal prognosis, the neonates who die most 
quickly after birth may be those with associated major con- 
genital malformations. Of the three survivors in our series, 
only one had an associated nonfacial abnormality (extrophy 
of the bladder). 

A number of reported chromosomal abnormalities have 
been associated with cyclopia or holoprosencephaly, the most 
common of which is trisomy 13. This was the most common 
abnormality in our series (seven cases), and there were two 
partial trisomies. Triploidy (XXY) occurred in two cases. Oth- 
ers have reported cases of holoprosencephaly associated 
with chromosomal deletions such as the short arm of chro- 
mosome 18 and those with balanced translocation between 
chromosome 13 and 14 [29, 30]. We also had cases of partial 
chromosomal deletions and a chromosome translocation. Al- 
though the exact rate of recurrence of holoprosencephaly is 
not known, it has been reported to be as high as 25%, 
especially in familial cases associated with cyclopia [13, 31]. 


Conclusion 


In summary, sonography may be used prenatally to diag- 
nose alobar and semilobar holoprosencephaly in which there 
is a monoventricular cerebral cavity, fusion of the thalami, and 
absence of midline structures such as the falx cerebri and 
corpus callosum. Careful scanning of the face will allow a 
more definitive diagnosis of holoprosencephaly with detection 
of associated facial dysmorphism, such as cyclopia, ethmo- 
cephaly, cebocephaly, or median/lateral cleft lip. In fetuses 
affected with alobar or semilobar holoprosencephaly, careful 
prenatal scanning of the rest of the fetus should be performed 
to detect major structural abnormalities of the thorax and 
abdomen. As holoprosencephaly is often associated with 
chromosomal abnormalities, amniocentesis for chromosomal 
analysis is helpful for future genetic counseling. 
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Technical Note 





Magnet Catheter for Removal of Magnetic Foreign Bodies 


Richard B. Towbin,'* J. Scott Dunbar,’ and Sterling Rice’ 


Each year infants and children ingest a variety of foreign 
objects that may lodge within the esophagus or stomach. 
Although most ingested foreign bodies are nonmagnetic, me- 
tallic objects such as disk batteries, nails, and ball bearings 
may be found. Some magnetic foreign bodies can be danger- 
ous and result in an esophageal perforation, chemical toxicity 
[1-4], or lead poisoning. A retained foreign body may cause 
symptoms including stridor, dysphagia, and vomiting resulting 
from esophageal or pyloric obstruction. When tne presence 
of a retained foreign body poses a risk, removal of the 
offending agent is necessary. In the past, endoscopy or 
surgical removal has been advocated [5]. In 1984, Jaffe and 
Corneli [6] reported removal of a metallic foreign body (disk 
battery) by using a magnet inserted into an orogastric tube 
and a Foley catheter to prevent detachment of the foreign 
body during removal. In 1986, Volle et al. [7] created a 
catheter with a cylindrical magnet tightly fitted to a 30- or 50- 
cm rubber tube; in 1989 [8] they redesigned their catheter, 
updated their experience, and proposed an algorithm for 
approaching a patient who has a retained magnetic foreign 
body. We have developed a directional magnet catheter for 
retrieval of magnetic foreign bodies. 


Materials and Methods 


The magnet catheter (Medi-tech, Watertown, MA) consists of a 9- 
French, 90-cm nylon reinforced polyethylene catheter with a Genesini- 
type tip configuration. A 1.0 x 1.0 cm magnet within a stainless steel 
housing is permanently bonded to the catheter tip (Fig. 1). 


Depending on the child's age and size, the patient is placed on an 
Octostop board (Enterprises Octostop, Montreal, Caneda) or is 
“mMummy-wrapped’ in sheets so that cooperation and maneuverability 
are ensured. When necessary, the oropharynx is anesthesized with 
Cetacaine Topical Anesthetic Spray (Cetylite Industries, Pennsauken, 
NJ), which is applied with the child inhaling. After anesthesia is 
achieved, a bite block is placed within the mouth and the catheter is 
passed from the oropharynx into the esophagus or stomach Sedation 
or general anesthesia is not necessary. The catheter is meneuvered 
under anteroposterior fluoroscopic guidance toward the foreign body, 
which is spontaneously engaged by the magnet. The patien? is placed 
into the right posterior oblique position with the table in Trendelenburg 
position and the foreign body is removed under fluoroscopic guid- 
ance. With this catheter, we have not found a need tc use a Foley 
catheter to prevent foreign body disengagement during removal. 

A variety of retained foreign bodies have been removed from the 
Stomach, including button batteries, a ball bearing (Fig. 2), a small 
round magnet, brads, and an electrical box punch-out. No somplica- 
tions have occurred. 


Discussion 


Ingestion of a metallic foreign body that lodges within the 
esophagus or stomach is uncommon. Not all foreign bodies 
within the gastrointestinal tract need to be removed. Consid- 
eration for removal depends on the object’s composition, 
size, shape, and ability to pass through the pylorus. In the 
past, catheter availability, maneuverability, and magnet 
strength were limiting factors; thus endoscopic or surgical 
removal was preferred. The availability of a magnet catheter 
creates a new option for consideration. Our catheter differs 
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SPECIMEN 


> 


Fig. 1.—A, 90-cm, nylon-reinforced polyethylene catheter with a Gensini-type tip. 


B, Close-up of the 1.0 x 1.0 cm magnet within a stainless steel casing. 


from that created by Volle et al. in several ways. First, it is 
made of nylon-reinforced polyethylene and has a distal curved 
configuration. This combination allows for operator control of 
the magnet tip by rotating the distal hub. Second, the nylon- 
reinforced shaft makes it more durable so that the catheter 
can withstand biting and can be reused after cleaning and 
resterilizing. Finally, the magnet size (1 cm diameter) allows 
for easy passage by mouth in children of all ages and is strong 
enough to engage and remove objects weighing more than 
30 g. This catheter minimizes the need to use a second 
catheter (Foley catheter) to prevent foreign-body detachment 
at the gastroesophageal junction and/or cricopharyngeus 
muscle. This preassembled, permanently bonded magnet 
catheter eliminates the need to “rig” together an untested 
system and the worry that the magnet and catheter (tubing) 
will uncouple during use. Our early experience suggests that 
this catheter is safe and effective for removal of blunt mag- 
netic foreign bodies of all types. 
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Fig. 2.—4-year-old girl accidentally ingested a 
steel ball (a game piece) that did not pass out of 
stomach. Foreign body, weighing 28 g, was re- 
moved easily. Radiograph shows ball being re- 
moved. 
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Assessment of Extradural 
Degenerative Disease with Gd- 
DTPA-Enhanced MR Imaging: 
Correlation with Surgical and Pathologic 
Findings 





To test whether gadolinium-DTPA-enhanced MR would increase the conspicuity of 
extradural degenerative disease in the previously unoperated patient, we prospectively 
studied a group of 30 patients with symptoms suggestive of disk disease. Surgical 
findings and pathologic correlations were used as an objective measure of accuracy. 
Gadolinium-DTPA increased the confidence of diagnosis at one of eight operated 
cervical levels (six patients) and changed the diagnosis from extradural degenerative 
disease to tumor in one patient. The mechanism of enhancement of the epidural space 
and peridiskal region appears to be related to accumulation of contrast material within 
the epidural venous plexus, as well as to epidural fibrosis associated with disk disruption 
and herniation. 

While the immediate clinical utility of gadolinium-DTPA for morphologic analysis 
seems limited to difficult cervical spine cases, the presence of enhancement as a marker 
of epidural fibrosis and attempted healing may prove to be of great importance in 
studying the natural history and basic pathophysiology of degenerative disk disease. 


AJNR 10:1243-1249, November/December 1989; AJR 154:151-157, January 1990 


Despite the rapid advances in MR imaging of the spine, evaluation of degenerative 
disk disease and extradural disease remains imperfect. Gadolinium-DTPA (Gd- 
DTPA) has recently shown its utility in the MR evaluation of the spine in postoper- 
ative patients by enhancing epidural fibrosis [1]. Epidural fibrosis has long been 
known to be associated with disk herniations in the previously unoperated patient 
[2]. The epidural venous plexus has also shown consistent enhancement in the 
operated spine, a finding that has been used to advantage in the unoperated 
cervical spine by using contrast material with CT to increase the conspicuity of 
extradural disease [3]. Our hypothesis was that enhancement of the epidural 
plexus and/or peridiskal fibrosis with Gd-DTPA would increase the conspicuity of 
extradural disease on T1-weighted images when compared with nonenhanced 
images in the unoperated patient. To test this hypothesis, we prospectively studied 
a group of 30 unoperated patients with symptoms suggestive of disk disease using 
subsequent surgical findings and careful pathologic correlation as an cbjective 
measure of accuracy. 


Subjects and Methods 


Thirty patients were entered into this pilot study group. Entry criteria included major clinical 
symptoms and signs of herniated disk disease including radicular pain (n = 27), myelopathy 
(n = 3), paresthesias (n = 6), muscle weakness (n = 8), and low back or neck pain (n = 3); 
in addition, a high likelihood that surgery would be performed was a predisposing condition. 
The patients had to be at least 18 years old and without a prior history of spine surgery. The 
15 men and 15 women were 29-73 years old (mean, 49.2 years). 

All patients underwent a baseline and 24-hr postcontrast physical examination. Baseline 
and 24-hr postcontrast hematologic and blood chemistry studies were also performed. A 
recent pregnancy test (within 72 hr) was mandatory for all women of childbearing age before 
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they were given Gd-DTPA. Informed consent was obtained in all 
cases. 

Examinations were performed on a 1.0- or 1.5-T superconducting 
magnet* using a 12-cm-diameter planar circular surface coil operating 
in the receive mode. A 50-cm body coil served as the transmitter. All 
patients were studied with the following imaging sequences before 
and after administration of 0.1 mmol/kg of Gd-DTPA/dimeglumine": 
(1) sagittal T1-weighted spin-echo (SE) 400/17 (TR/TE), (2) axial T1- 
weighted SE 500/17, (3) axial T2-weighted SE 2000/30, 90, and (4) 
axial fast low-angle shot (FLASH) gradient-echo 200/13 with a 90° 
flip angle. In addition, T1-weighted axial delayed images were ob- 
tained with the same imaging variables 30-45 min after injection. The 
imaging matrix was 256 x 256, with a section thickness of 4 mm 
and an intersection gap of 2 mm. Sagittal images were obtained from 
neural foramen to neural foramen. Initial postcontrast sagittal and 
axial T1-weighted images were obtained immediately after adminis- 
tration of contrast material and completed within 15 min. 

The MR images were interpreted by two of the authors without 
clinical data or results of previous imaging studies. Precontrast MR 
images were evaluated for the presence or absence of abnormal 
epidural soft tissue, which, if present, was characterized by signal 
intensity, location, level, mass effect, and contiguity with the interver- 
tebral disk. The pre- and postcontrast images were then evaluated 
together for the presence and type of enhancement as well as the 
previously described factors. On the precontrast studies a diagnosis 
of normal, bulging, or herniated disk was made independent of the 
postcontrast images. A diagnosis of bulging disk was made when a 
smooth, concentric bulge of the disk outline was noted beyond the 
margins of the vertebral bodies. The diagnosis of a herniated disk 
entailed the identification of a focal protrusion, extrusion, or free 
fragment, as has been described previously [4]. On the postcontrast 
images, similar diagnoses were made, and, in addition, notation was 
made of any associated enhancement of either the herniated disk 
itself, the parent disk, or adjacent vertebral bodies. On the basis of 
previous experience with the operated spine, a diagnosis of associ- 
ated epidural fibrosis was made when enhancement was noted on 
the early postcontrast study, either in the epidural space surrounding 
a herniated disk or within the outer margins of the anulus and 
posterior longitudinal ligament complex [1]. Abnormal epidural soft 
tissue that did not enhance on the early postcontrast scan was 
Classified as disk material. A central nonenhancing mass surrounded 
by peripheral irregular enhancement was classified as a disk wrapped 
with epidural fibrosis. A nodular nonenhancing mass intermixed with 
and surrounded by enhancement was classified as a disk wrapped 
and/or incorporated in epidural fibrosis. Linear enhancement sur- 
rounding irregularities of the peripheral parent disk margin was inter- 
preted as anular scar (anular tear). Smooth linear or crescentic 
enhancement immediately posterior to the vertebral body, or “tented” 
over an extradural defect, was defined as venous plexus. This was 
seen parasagittally and extending out into the neural foramen in the 
cervical spine, or more centrally placed in the thoracic and lumbar 
areas. 

A degree of confidence in the diagnosis was assigned to the pre- 
and postcontrast scans on the basis of a 0-3 scale: 0 = normal, 1 = 
indeterminate, 2 = probably abnormal, and 3 = definitely abnormal. 
After analysis, the data were stored according to hospital number for 
subsequent comparison with surgical and histologic results. 

Intraoperative correlation of aberrant soft tissue was made at the 
time of surgery by matching the anatomic locations with the MR 
findings. Surgeons had the benefit of the MR diagnosis from a 
neuroradiologist who was not involved in the blind evaluation. Nu- 
merous operative specimens of aberrant epidural soft tissue were 
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obtained and given directly to a neuroradiologist in attendance after 
a final review of location. In this manner, extreme care was taken to 
ensure accurate localization and correct identification of surgically 
obtained tissue specimens. These specimens were kept separate 
and labeled numerically. Multiple representative sections from each 
numbered specimen were subsequently reviewed by an experienced 
musculoskeletal pathologist without Knowledge of the specimen lo- 
cation, surgical findings, or MR impression. Histologic diagnosis of 
herniated disk, epidural fibrosis, or herniated disk and epidural fibrosis 
was then made. Only after this last step were the pre- and postcon- 
trast MR interpretations, surgical findings, and histologic diagnosis 
compared. 

Surgical approaches were posterolateral for cases of thoracic disk 
herniation, anterior for cases of cervical disk herniation, and posterior 
for cases of lumbar disk disease. It is acknowledged that the exact 
surgical and MR correlation was best with the posterior approach in 
the lumbar region; it was intermediate for thoracic and lowest for 
cervical procedures. 


Results 
Surgical/Gd-DTPA MR Findings 


Table 1 lists the operated patient levels and summarizes 
the results. 

Cervical spine. —Fifteen patients in this group were imaged. 
Six patients underwent surgery at eight operative levels. The 
final histologic diagnoses were disk herniation (n = 6), scar 
and herniation (n = 1), and herniation and osteophyte (n = 1). 
Gd-DTPA did not change the diagnosis of extradural disease 
in any patient imaged for cervical spine extradural disease. 
Gd-DTPA did increase the confidence of diagnosis at one of 
eight operated levels (Figs. 1 and 2). This was a change from 
a score of 2 (probably abnormal) to 3 (definitely abnormal). In 
one patient MR both with and without contrast material 
identified only a disk herniation (confidence level 3), but disk 
herniation and osteophyte were present at surgery. 

Thoracic spine.—Two patients in this group were imaged 
and four abnormal levels identified. One patient underwent 
surgery at one operative level at which three disk herniations 
were seen on MR. Final histologic diagnosis was disk hernia- 
tion, as predicted from both the contrast-enhanced and non- 
contrast MR images (Fig. 3). Gd-DTPA did not change the 
diagnosis, or increase the confidence of diagnosis at the 
operated level. 

Lumbar spine.—Thirteen patients in this group were im- 
aged. Four patients underwent surgery at nine operative 


TABLE 1: Effect of Gd-DTPA-Enhanced MR Imaging in the 
Diagnosis of Patients Who Underwent Surgery for Disk Disease 





No. of Levels 
Effect of Gd-DTPA by Level Cervical Thoracic Lumbar 
(n = 6) (n = 1) (n = 4) 
Changed diagnosis 0 0 0° 
Increased confidence of 
diagnosis 1 0 0 
No change 7 1 9 
Total 8 1 9 





è In a fifth patient not included in this tabulation, a diagnosis changed on the 
basis of Gd-DTPA findings was confirmed by CSF cytology. 
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Fig. 1.—A and B, Sagittal unenhanced (A) and 
enhanced (B) T1-weighted SE 400/17 images of 
cervical spine. Unenhanced study shows disk 
herniations at C5-C6 and C6-C7 (C6-C7 sur- 
gically proved). Enhanced study shows linear 
areas of increased signal posterior to vertebral 
bodies representing enhancing venous plexus 
(arrows). Small disk protrusion at C4-C5 is bet- 
ter defined after contrast. 

C, Axial unenhanced SE 500/17 image at C6- 
C7 level shows large extradural soft-tissue mass 
(arrow). 

D, Axial enhanced SE 500/17 study shows 
nonenhancing disk herniation centrally within 
mass (solid arrow) surrounded by enhanced scar 
and/or plexus (open arrow). Disk herniation is 
considerably smaller than would be expected 
from unenhanced image. 
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Fig. 2.—C5-C6 disk herniation with cord contusion (surgically proved). 

A, Sagittal SE 400/17 image shows large disk herniation at C5-C6, with mild mass effect on cord. Type ll marrow change is also noted at C3-C5. 

B, Sagittal SE 400/17 postcontrast image shows focal area of increased signal within cord consistent with contusion. A small amount of enhancement 
is present at C5-C6 in region of posterior longitudinal ligament/outer anulus (arrow), and at C6-C7 within posterior anulus. 

C, Sagittal SE 2000/90 image shows increased signal within cord in region of contrast enhancement. 
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Fig. 3.—Thoracic disk herniation (surgically 
proved). 

A, Axial unenhanced SE 500/17 image shows 
right-sided herniation (arrowheads). 

B, Axial enhanced SE 500/17 image shows 
marked peripheral enhancement (arrowheads) 
representing plexus and/or scar. Central disk 
herniation does not enhance. Note also periph- 
eral intervertebral disk enhancement (arrow). 


Fig. 4.—Disk herniation with peripheral scar (surgically proved). 

A, Sagittal SE 400/17 image shows poorly defined extradural defect at L4-L5 (arrow). 

B, Sagittal postcontrast image shows central nonenhancing disk herniation with peripheral enhancement (arrows). 

C-E, Axial SE 500/17 images before (C), immediately after (D), and 45 min after (E) contrast material. Large disk herniation in C shows intense 
peripheral enhancement after contrast (D, small arrows) with herniation showing no appreciable enhancement centrally (large arrow). Delayed scan (E) 
shows enhancement centrally within disk herniation (arrow). 

F, Low-power light micrograph of surgical specimen shows disk material (A = anulus) in contiguity with granulation tissue (G) with many vessels. (H 
and E) 

Delayed enhancement of disk herniation is presumably related to diffusion of contrast material from adjacent vascularized scar tissue over time. 
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Fig. 5.—Lateral disk bulge with scar (anular 
tear, surgically proved). 

A, Axial unenhanced SE 500/17 scan shows 
moderate-sized lateral bulge (arrow). 

B, Axial postcontrast image shows peripheral 
disk enhancement (arrows). 


` 
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levels; in one other patient, a diagnostic lumbar puncture was 
performed. The tinal histologic diagnosis in the operated levels 
were herniation only (n = 1), herniation and scar (n = 6), bulge 
(n = 1), and scar only (n = 1). Gd-DTPA changed the diagnosis 
from normal to intrathecal tumor seeding in one patient when 
roots were seen to enhance diffusely after contrast material. 
This was subsequently confirmed by CSF cytology as CSF 
spread of lymphoma. No change in the level of confidence 
was provided by Gd-DTPA in the operated group (Figs. 4 and 
5). MR findings agreed with operative findings at six of nine 
levels. At one level a lateral herniation with peripheral scar 
was diagnosed on MR, but only a “swollen” nerve root and 
scar were found at surgery. In one patient a bulging anulus 
was diagnosed, but a disk herniation was seen at surgery. In 
one additional level, a disk herniation was diagnosed, but a 
bulging anulus was found at surgery. 

Pre- vs postcontrast MR.—The postcontrast T2-weighted 
studies did not contribute additional information to the pre- 
contrast studies, except for a case of high signal in the cervical 
cord adjacent to a herniated disk, which was visualized on 
the T2-weighted image, but not on the precontrast T1- 
weighted SE image. Although the enhanced 11-weighted 
study showed the cord contusion, the T2-weighted findings 
before enhancement precluded a score of increased confi- 
dence after enhancement (Fig. 2). 

Comparison of MR sequences.—For lumbar disease, the 
T1-weighted SE studies provided the most information after 
enhancement. The FLASH sequence failed to define lateral 
disk herniations in two cases. As in the cervical spine, the T2- 
weighted sequence did not add any additional information. 


Miscellaneous Findings 


Miscellaneous findings are summarized in Table 2. In the 
cervical and lumbar spines there was consistent enhancement 
of the foraminal and epidural plexus after contrast administra- 
tion. This was less obvious in the thoracic spine. Plexus 
enhancement was evident on sagittal images as a linear band 
of increased signal intensity that often was “tented” over the 
extradural defect. The dorsal root ganglia were seen to en- 
hance consistently. 

Enhancement of herniated disks.—At seven cervical levels 
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TABLE 2: Summary of Miscellaneous Findings on 
Gd-DTPA-Enhanced MR Imaging in Patients with 
Symptoms of Herniated Disk 











Finding Cervical Thoracic Lumbar 
Peripheral enhancement of herniated 
disks (no. of levels) 7/27 0/4 12/15 
Spinal cord or root enhancement 
(no. of patients) 1/15 0/2 1/13 
Type | endplate (no. of levels) 5/27 0/4 0/15 
Parent disk enhancement 
(no. of levels) 
Central 7/27 0/4 2/15 
Peripheral (anular) 6/27 0/4 12/15 





(one operated), in addition to the linear enhancement of the 
epidural plexus, there was more focal peripheral enhancement 
Surrounding the herniation. In the operated case, scar was 
identified in the epidural space at the site of disk hermiation 
that showed this focal peridiskal enhancement. 

In the thoracic spine, linear peripheral plexuslike enhance- 
ment also outlined the disk herniation. Linear enhanc2ment 
was seen as a fine line posterior to the vertebral bodies. 
Definite scar tissue was not identified in the small surgical 
specimens obtained via the costotransversectomy us3d for 
disk removal. 

In the lumbar spine group, there were nine operated levels 
(four patients). Focal peridiskal enhancement was present on 
MR at seven levels. At two levels there was no enhancement. 
In one of these two cases a bulging anulus was diagnosed 
on MR, but a disk herniation was seen at surgery and showed 
no associated scar at pathology. The other case was called 
a disk herniation on MR, but a bulging anulus was found at 
surgery and a specimen was not obtained. Specimens were 
obtained at surgery from the periphery of the extradural 
defects at six of the seven levels; these showed vascularized 
scar tissue Surrounding, and contiguous with, the more cen- 
tral disk material (Figs. 4 and 5). The peridiskal enhancement 
was qualitatively similar to the amount of scar tissue seen in 
the surgical specimens; that is, a large amount of enhance- 
ment correlated with a large amount of scar tissue present 
within the histologic specimens. One lumbar spine case was 
an exception in that the amount of scar tissue seen histolog- 
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ically was much less than would have been predicted by MR. 
Enhancement was intense and confined to the periphery of 
the extradural defect on early enhancement images (less than 
15 min). On the delayed axial T1-weighted images, enhance- 
ment was present more centrally within the extradural mass 
(Fig. 4E). In one unoperated patient there was inhomogeneous 
enhancement of a posterior lateral extradural defect that was 
diagnosed presumptively as a synovial cyst. Peripheral en- 
hancement was seen surrounding nonenhancing disks in four 
unoperated patients at four levels. 

Enhancement of parent disks.—Enhancement of central 
parent intervertebral disks occurred in six patients (five cer- 
vical, one lumbar) in either clumped (one level), linear (six 
levels), or homogeneous (two levels) patterns. This was al- 
ways associated with evidence of degenerative disk disease, 
which was manifested as either decreased signal intensity on 
T2-weighted images within the intervertebral disk or evidence 
of bulging or herniation. Peripheral intervertebral disk en- 
hancement in the region of the anulus fibrosus occurred in 12 
patients at 18 levels (six cervical, 12 lumbar) (Figs. 3B and 6). 
This was usually seen as a small crescentic rim of enhance- 
ment within the region of the anulus/longitudinal ligament that 
could be anterior, lateral, or posterior and was associated 
with small disk protrusions. This is discussed more fully in 
our companion article [5]. 

Enhancement of vertebral bodies.—Signal-intensity 
changes of vertebral bodies associated with degenerative 
disk disease were seen in eight patients [6]. In the cervical 
spine group, decreased signal intensity was seen on T1- 
weighted images (type |) in three patients (five levels). All 
these cases showed enhancement after contrast administra- 
tion. In five patients in the lumbar spine group (six levels) and 
in three patients in the cervical spine group (five levels), 
increased signal intensity was seen on T1-weighted images 
(type Il). In these cases, enhancement was not seen after 
administration of contrast material. 


Discussion 


Considering the small number of patients in the operated 
group, the value of Gd-DTPA in facilitating the diagnosis of 
extradural degenerative disease seems limited, with Gd-DTPA 
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increasing the diagnostic confidence in only one of 11 patients 
and changing the diagnosis in one of 11 patients. However, 
there was an intrinsic bias that must be considered in the 
operated group, in that all the patients tended to have had 
gross disease that was well characterized without contrast 
material with the use of two orthogonal planes and a 4-mm 
Slice thickness. A larger population needs to be studied to 
determine the usefulness of Gd-DTPA in more subtle disease. 
Nevertheless, these preliminary data indicate that Gd-DTPA 
may still have a role in cefining extradural degenerative dis- 
ease in the cervical region in selected patients because of (1) 
the consistent and impressive enhancement of the foramina 
and anterior epidural space due to the foraminal and epidural 
venous plexus and (2) the enhancement of the epidural fibro- 
sis associated with disk disruption and/or herniation. 

While the enhancement pattern seen with Gd-DTPA may 
play only a limited role in increasing the conspicuity of extra- 
dural defects, the observations regarding the enhancement 
of epidural fibrosis associated with unoperated degenerative 
disk disease may have creater implications. Enhancement is 
a marker of epidural fibrosis and attempted healing, which is 
not necessarily critical for identification of herniations per se 
but may provide important information about the body’s at- 
tempt to deal with this disruption. For instance, in the lumbar 
spine, where our pathologic information is the most precise, 
there was dramatic enhancement surrounding disk hernia- 
tions, distinct from plexus enhancement. On histologic study, 
this proved to be due to peridiskal scar tissue within the 
anterior epidural space. In several cases, we were frankly 
surprised at the large amount of enhancing scar relative to 
the small amount of central nonenhancing disk. While not 
quantitative, the amount of peridiskal scar was at least equiv- 
alent to the amount of disk material in the majority of cases. 
This scar was identical histologically to the epidural scar seen 
in postoperative patients, containing a mixture of fibrocytes, 
collagen, and many small vessels [1]. The combination of 
vascularized tissue with a large extracellular space containing 
collagen to sequester the contrast material allows for the 
intense enhancement [7]. 

Furthermore, linear enhancement of the peripheral portion 
of the intervertebral disk (outer anulus/posterior longitudinal 
ligament complex) was an additional common finding. This 


Fig. 6.—Anular enhancement. 

A and B, Axial 500/17 images before (A) and 
after (B) contrast administration show intense 
linear enhancement of outer anulus fibrosus. 
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type of enhancement was invariably associated with evidence 
of degenerative disk disease and anular bulging. While histo- 
logically proved in only one case (Fig. 5) [5], this too proved 
to be a region of scar tissue. 

It is well Known in the pathologic literature that scar is 
associated with disk herniations in the previously unoperated 
patient, and may be looked on as a sign of repair and 
restitution [2]. However, this has not been studied previously 
with in vivo imaging and has received scant attention in the 
imaging literature. Scar is capable of “digesting” or absorbing 
disk material, and is most intense in the region of the pro- 
lapsed portion of the disk [2]. Lindblom et al. [2] hypothesized 
that this absorption accounted for the disappearance of symp- 
toms with time. Edge neovascularization of the disk material 
is considered by some pathologists to be the only reliable 
histologic clue that intervertebral disk prolapse has 
occurred [8]. 

Enhancement of the central portion of nonoperated inter- 
vertebral disks was seen in the cervical and lumbar spine; to 
our knowledge, this has not been reported previously. In this 
small series, cervical disk enhancement was not unusual, and 
was much more common than lumbar enhancement. Parent 
intervertebral disk enhancement was always associated with 
evidence of disk degeneration, either herniation, loss of disk 
space height, or loss of signal on T2-weighted images. Al- 
though we do not have pathologic correlation in this group, 
the association of disk degeneration suggests the growth of 
vascularized granulation tissue into the substance of the disk. 
We have seen similar granulation tissue along the endplate in 
histologically proved cases of type | marrow change, which 
consistently enhances after administration of contrast material 
[6]. Similar changes have been seen in the postoperative 
spine [1]. 

The mechanism of enhancement of the epidural space and 
peridiskal region may have several different etiologies. An- 
other potentially important mechanism, besides scar and 
plexus described above, is the role that venous stasis has in 
the development of peri- and intraneural fibrosis [9]. Hoyland 
et al. [9] found that osteophytic outgrowths into the foramina 
can cause compression, congestion, and dilatation of the 
foraminal veins, with resultant peri- and intraneural fibrosis. 
This fibrosis and venous endothelial injury can occur at a site 
remote from the compressive force, and was infrequently 
associated with direct nerve compression. Lindblom et al. [2] 
also noted that disk herniations lead to fibrosis in the “neigh- 
borhood of the disks, the longitudinal ligament, the dura, the 
roots, the ganglion and the nerves.” 

Thus, the use of Gd-DTPA in the evaluation of degenerative 
disease of the spine may have potential for delineating several 
different distinct mechanisms. In the cervical spine, where 
Gd-DTPA shows some potential, albeit small, for improving 
morphologic diagnosis, its major role may be in the enhance- 
ment of the epidural plexus outlining the extradural structures. 
Owing to the anatomy of the cervical plexus, the anterolateral 
epidural space and foramina show the most enhancement 
[10]. A second mechanism, much better defined for the 
lumbar spine, is the presence of scar tissue surrounding disk 
disruption and herniation. Disk scar tissue contains many 
small vessels and would account for more focal peridiskal 
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enhancement [1, 7]. Although enhancement of the plexus 
certainly contributes to the identification of an extradural 
defect (especially when a large herniation may obszruct ve- 
nous flow and dilate the plexus above and below the lesion), 
it is rarely needed for morphologic diagnosis. The enhance- 
ment of the peridiskal scar, however, may prove to be of 
greater value in terms of identifying more subtle disruption 
and even the various components of the extradural mass 
produced by herniation. 

The immediate clinical utility of Gd-DTPA seems quite lim- 
ited in the evaluation of extradural disease. It may be helpful 
in difficult cervical spine cases for morphologic analysis owing 
to enhancement of the venous plexus. This limited study 
shows no use for Gd-DTPA in lumbar disk herniations in the 
unoperated patient. The future use of MR contrast material 
in a research application for studying the natural history and 
basic pathophysiology of degenerative disk disease seems 
brighter. Enhancement of the parent central intervertebral 
disk and surrounding disk herniations would seem to repre- 
sent a spectrum of the normal reparative process irvolving 
fibrous or granulation tissue. Linear enhancement of the outer 
anulus/posterior longitudinal ligament in cases of more subtle 
disruption may represent scar tissue within an anular ar radial 
tear [11]. In addition, the ability to discern the difference 
between actual disk material and peridiskal scar within an 
extradural mass may have important prognostic and treat- 
ment implications. What is unknown at present is whether or 
not this scar tissue regresses or progresses and how it relates 
to the patient's symptomatology and response to various 
forms of treatment, in particular conservative management 
with, for example, rest and steroids, as compared with 


surgery. 
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Book Review 





The Radiologic Clinics of North America. MRI of the Head and Neck. Guest editors: Peter M. Som and Marc D. 
Shapiro. Philadelphia: Saunders, March 1989;27(2):195-479. $25; by subscription, 6 issues annually for $93 


The importance of head and neck imaging is on the rise, mainly 
because referring oncologists and head and neck surgeons are 
becoming increasingly aware of the power of newer imaging tech- 
niques, which often contrasts their own difficulties in clinical recogni- 
tion of deep-seated abnormalities of the head and neck. This issue 
of The Radiologic Clinics of North America updates and amplifies our 
knowledge on the role of MR imaging of this complex area. The 34 
contributing authors are all well-known experts in this field. 

As is customary, the first chapter is an account of basic and 
applied MR physics. As is frequently the case, the discussion of the 
physics tends to be somewhat opaque, but it progresses logically up 
to a brief and important review of MR angiography. Most of the 
balance of the book discusses the current status of MR imaging of 
the various important regions of the head and neck. Individual chap- 
ters are devoted to the nasopharynx, the paranasal sinuses, the oral 
cavity, the parapharyngeal space, the salivary glands, the larynx, and 
the neck. The style of the authors varies considerably. Some chose 
to write systematic detailed reviews; others preferred to present 
lesser amounts of text and more pictorial material. All chapters bring 
the readers up-to-date, an occasionally difficult goal to attain because 
MR imaging of the head and neck is a rapidly evolving field in which 
important statements may have a half-life of 2 years or less. For 
example, the excellent chapter on the temporomandibular joint sug- 
gests that abnormalities of this joint that are not revealed by MR 
should be clarified by arthrography, a statement that might soon be 
refuted by the steady stream of novel pulse sequences and animation 
techniques that are coming into use. Particularly thorough discussions 
are provided on the nasopharynx, the oral cavity, the parapharyngeal 
spaces, and the neck. 

The illustrations in all chapters are good to excellent, carefully 
chosen for their educational contents, but it is occasionally cumber- 


some to penetrate the rather profuse legends, particularly as the 
legends—following the format of this series—are printed in small 
letters running across the entire width of the page. Having the legends 
split into columns would be a relief to the reader. All contributors 
stress, directly or indirectly, that the two most important ingredients 
in head and neck imaging are a solid knowledge of the anatomy and 
correct selection of pulse sequences and imaging planes. These 
points are illustrated amply throughout the volume. 

Important anatomic explanations and discussions are included in 
the chapters on the oral cavity, the temporomandibular joint, and the 
larynx. However, | object to the numbering system of the laryngeal 
anatomy; it indeed makes reading cumbersome. The sella turcica, 
usually not thought of as part of the head and neck, has been given 
its own chapter, which is a highly instructive review of sellar and 
parasellar abnormalities. 

The use of gadolinium-DTPA is mentioned briefly by most authors 
and is discussed thoroughly in a separate chapter. Although the 
experience of using gadolinum in head and neck imaging is far less 
(28 cases form the basis of the chapter) in America than in Europe, 
it is evident that gadolinium enhancement is less important in head 
and neck imaging than in evaluation of CNS disorders. However, it 
should not be neglected: Gadolinium enhancement does provide 
important information on tumors invading the skull base and the brain, 
as well as in other special circumstances. 

This volume is most timely. It provides a large amount of important 
information, and | recommend it highly to all radiologists who, by 
design or by necessity, devote time and effort to the diagnosis of 
head and neck disorders. 
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Tears of the Anulus Fibrosus: 
Assessment with Gd-DTPA-Enhanced MR 
Imaging 





T2-weighted images have been shown to be capable of defining anular tears in vitro 
as increased signal intensity within the normal low-signal-intensity anulus fibrosus. 
Since growth of granulation tissue into anular tears has been described as part of the 
healing process, it seemed likely that gadolinitum-DTPA should enhance anular tears as 
it does scar tissue in other parts of the spine. We retrospectively reviewed spinal MR 
images from 30 previously unoperated patients and correlated areas of increased signal 
intensity within the anulus on T2-weighted images with areas of enhancement on T1- 
weighted images, and to a limited extent, with surgical findings. Eighteen separate 
areas of anular enhancement were found in 12 patients (six cervical, 12 lumbar). Only 
five of these enhancing areas showed increased signal intensity on T2-weighted images, 
four of a type Il tear pattern and one of a type Ill tear pattern. Contrast enhancement 
within the anulus was in a pattern of type Il tear in 14 and type Ill in four. Histology from 
an enhancing type Il anulus demonstrated vascularized granulation tissue within the 
avascular anulus, without focal herniation. 

Anular tears may be imaged in vivo not only with T2-weighted images but also with 
gadolinium-DTPA-enhanced T 1-weighted images by virtue of their vascularized granu- 
lation tissue. 


AJNR 10:1251-1254, November/December 1989; AJR 154:159-162, January 1990 


It is well known that severe back pain can be present without the appearance of 
definable morphologic alterations such as disk herniation or canal stenosis on 
conventional radiologic studies (CT or myelography). A controversial entity, disko- 
genic pain, has been proposed as a possible mechanism for some of these cases 
[1, 2]. Diskogenic pain is defined as chronic back pain thought to be due to leakage 
of the nucleus pulposus into the outer anulus or epidural canal without frank 
herniation [2, 3]. This proposed etiology, while by no means proved, has spawned 
a resurgence in diskography in selected cases as a diagnostic tool to define the 
proposed causal factor, the internal disk disruption or anular tear. Recently, Yu et 
al. [4] suggested that T2-weighted MR can also define anular disruption without 
herniation in vitro by the identification of high-signal-intensity material within the 
anulus. 

Park et al. [1] stated that “true tears occur with considerable frequency in elderly 
subjects, often accompanied by invading fibrovascular tissue which provides evi- 
dence of antecedent disruption and repair.” On the basis of previous work with 
gadolinium-DTPA (Gd-DTPA) in both the operated and nonoperated spine, it 
seemed likely that enhanced MR should be able to identify these regions of 
disruption via enhancement of granulation tissue [5-7]. To define whether or not 
Gd-DTPA would enhance anular tears, we reviewed retrospectively the MR images 
from 30 previously unoperated patients and correlated areas of increased signal 
intensity within the anulus on T2-weighted images with the appearance on T1- 
weighted images following contrast and, to a limited extent, with surgical findings. 
It was not the purpose of this article to address the clinica! relevance, if any, of 
anular disruption. 


160 ROSS ET AL. 


Materials and Methods 


The subjects of this retrospective study were 30 previously unop- 
erated patients with symptoms suggestive of disk disruption or 
herniation who were entered into a pilot study evaluating Gd-DTPA 
in the diagnosis of extradural disease, the results of which have been 
reported [7]. The 15 men and 15 women had a mean age of 49.2 
years. 

Examinations were performed on 1.0- or 1.5-T superconducting 
units.* Images were obtained by using a 12-cm-diameter planar 
circular surface coil in the receive mode, with the 50-cm body coil 
serving as the transmitter. Sequences included sagittal and axial T1- 
weighted spin-echo (SE) images, 400-500/17 (TR/TE), before and 
after administration of contrast material (0.1 mmol/kg Gd-DTPA'). A 
4-mm slice thickness, 50% interslice gap, 256 x 256 matrix and four 
excitations were used. Sagittal T2-weighted images, SE 2000/90, 
were obtained before enhancement; a 4-mm slice thickness, 50% 
interslice gap, 256 x 256 matrix, and one excitation were used. 

Images were interpreted independently by two neuroradiologists 
with specific attention directed to defining areas of enhancement 
within the anulus on postcontrast T1-weighted images and increased 
signal intensity within the anulus on T2-weighted images. Anular 
enhancement was defined as linear or globular increased signal 
intensity within the confines of the outer margin of the intervertebral 
disk (anulus fibrosus) after injection of contrast material. 

T2-weighted images were evaluated for patterns of increased 
signal intensity as described by Yu et al. [4]: type Il tears show 
increased signal within the anulus extending from the surface to the 
nucleus; type III tears show increased signal in the region in the torn 
Sharpey’s fibers. 

Surgical confirmation was available in one patient in whom an 
anular tear was seen on T2-weighted images and anular enhance- 
ment was seen in the same region. 

Bulging disks were measured from sagittal images by using the 
computer console and graphic display device. Measurements were 
obtained from the outer margin of the anulus to a point along the line 
connecting the adjacent endplate margins. 


Results 


Results are shown in Table 1. There were 18 separate 
areas of anular enhancement at 18 disk levels in 12 patients 
(six cervical, 12 lumbar) (Figs. 1 and 2). Only five of these 
enhancing areas showed increased signal intensity on T2- 
weighted images. The pattern of increased signal intensity on 
the T2-weighted images was consistent with type II tears in 
four, being centrally placed within the outer anulus, and type 
Ill tear in one, being along the endplate margin of the anulus 
[4]. 

Contrast enhancement was either globular or linear within 
the central portion of the anulus in 14, in a pattern similar to 
the signal-intensity changes seen in type Il tears. The en- 
hancement pattern was linear, along the endplate margin in 
the region of Sharpey’s fibers, in four; this pattern was similar 
to the signal-intensity changes described for type Ill tears 
[4]. 

One patient with a type Il tear pattern of enhancement at 
the L3-L4 level had surgery principally for a lateral herniation 
at the level below (Fig. 2). However, a specimen from the 
enhancing region was obtained at L3-L4. Surgery and histol- 
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ogy showed vascularized granulation tissue within the anulus 
fibrosus, without focal herniation. 

Fifteen of 18 disk levels were abnormal, showing bulging 
anuli that varied in size from 2 to 5 mm (average, 2.4 mm). 


Discussion 


Diskogenic pain is described as chronic back pain thought 
to be due to leakage of the nucleus pulposus into the outer 
anulus or epidural canal without focal protrusion or extrusion 
(3, 8]. A similar phenomenon, gradual disk prolapse, has been 
described by Adams and Hutton [9]. In cadaveric spines 
subjected to fatigue loading, Adams and Hutton found the 
initial injury was anular distortion that progressed to radial 
fissures with eventual extrusion of nuclear pulp. These are 
not trivial definitions, since the treatment proposed by some 
for this condition is total excision of the nucleus or interbody 
fusion via the anterior or posterior approach, respectively [10, 
11]. Previously, the only method available to evaluate anular 
tears was diskography, a diagnostic technique that has come 
under increasing scrutiny [8, 12-17]. MR has entered into 
this controversial arena by the recent demonstration of its 
ability to noninvasively image anular tears in vitro as areas of 
increased signal intensity on T2-weighted images [4]. 

Gd-DTPA has shown its ability to image a variety of dis- 
eases associated with degenerative disk disease. Gd-DTPA 
causes enhancement of scar or granulation tissue, either 
surrounding disk herniations or within endplates or interver- 
tebral disks, associated with the body’s reparative process 
[5-7]. Since growth of granulation tissue, nerves, and blood 
vessels into anular tears as part of the healing process has 
been implicated as a source of diskogenic pain [18], it is a 
logical extension of the use of Gd-DTPA to enable evaluation 
of anular tears, provided that vascularized granulation tissue 
is present, and in sufficient amount. 


TABLE 1: Gd-DTPA Enhancement of Anular Tears on T1- 
Weighted Images vs Increased Signal on T2-Weighted Images 
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Case 
No. 
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T1-Weighted 
Images: 
Region of 
Enhancement 


L5, posterior 
L3, L lateral 
L3, R lateral 
L4, R lateral 
L4, R lateral 
L4, R lateral 
L5, anterior 
L4, anterior 
L5, anterior 
L4, anterior 
L4, posterior 
L2, anterior 
C5, posterior 
C5, posterior 
C6, posterior 
C5, posterior 
C7, posterior 
C6, posterior 


T2-Weighted 
Images: 
Increased 
Signal 


L5, posterior 
L3, L lateral 
L3, R lateral 
L4, R lateral 


C6, posterior 


Size of Anular 


Bulge (mm) 
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Fig. 1.—A-C, Types Il and Ill anular tears on T1-weighted parasagittal images before (A) and after (B) contrast and on T2-weighted image (C). Type Ill 
tear (straight arrows) is seen at L3-L4 level as small linear area of enhancement adjacent to inferior L3 endplate on T1-weighted images (A and B) and 


as small linear area of increased signal on T2-weighted image (C). Type II tear (curved arrows) is seen at L4-L5 level as a more globular area of 
enhancement within central portion of peripheral anulus on T1-weighted images (A and B) and as increased signal on T2-weighted image (C). 


Fig. 2.—A-C, Anular tear on T1-weighted im- 
ages before (A) and after (B) contrast and on 
T2-weighted image (C). Type Il tear pattern (ar- 
rows) is seen as globular increased signal inten- 
sity within lateral L3-L4 anulus on T1-weighted 
images (A and 8). Tear is seen as high signal 
intensity within low-signal-intensity anulus on 
T2-weighted image (C). At surgery, granulation 
tissue was present within anulus, without focal 
herniation. 

D, Histologic specimen from L3-L4 anulus. 
Vascularized granulation tissue (G) is present, 
alongside avascular anulus fibrosus (A). (H and 
E, original magnification x50) 





Although the configuration of enhancement is similar to the increased signal from within the anulus on T2-weighted im- 
areas of increased signal on T2-weighted images described ages, and surgical confirmation of granulation tissue within 
by Yuet al. [4], our only objective correlation was in the single the anulus. Thus, preliminary experience indicates that anular 
patient in wham there was linear enhancement of the anulus, tears may be imaged in vivo not only with T2-weighted 
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images, but also with Gd-DTPA-enhanced T1-weighted im- 
ages by virtue of their vascularized granulation tissue. 

Firooznia et al. [19] have described anular enhancement on 
CT in the postoperative patient. They saw anular enhance- 
ment in 25% of normal disks and 54% of bulging disks, which 
they postulated as secondary to normal vascularity of the 
disk margin, as well as to “regrowth of vascularity through 
the cartilagenous endplate into the disk concomitant with 
aging and degenerative changes” [19-22]. 

The possibility that the enhancing regions we saw within 
the anuli represent normal outer anular vascularity is unlikely 
for several reasons: (1) the observed enhancement was quite 
focal and did not correspond to the diffuse peripheral anular 
vascularity described by Hassler [23] or the diffuse anular 
enhancement described by Firooznia et al. [19]; (2) the en- 
hancement appeared to extend deeper within the substance 
of the anulus and was not just along the periphery (as normal 
vascularity has been defined) [23]; (3) areas of anular en- 
hancement may show increased signal on T2-weighted im- 
ages in a pattern similar to that of pathologically demonstrated 
anular tears [4]; and (4) pathologic proof in one case in our 
series showed granulation tissue within the anulus at the site 
of enhancement. 

The abnormality of the bulging anulus has been docu- 
mented by Yu et al. [4], who saw radial tears within 84% of 
disks bulging more than 2.5 mm [24]. Of the 16 disk levels in 
which we observed this enhancement, only two did not have 
bulging disks. The majority of the disks bulged 3 mm or more. 

Many more areas of enhancement within the anulus were 
visualized on T1-weighted enhanced images than on T2- 
weighted images in our limited series. It is tempting to spec- 
ulate that enhanced MR is more sensitive to tears than T2- 
weighted images are, perhaps because of improved contrast 
and signal-to-noise. Our T2-weighted images were not heavily 
T2-weighted, and this may have contributed to the apparently 
poor sensitivity of this sequence in our series. Another pos- 
sible explanation for the apparently poor sensitivity of the T2- 
weighted images is partial-volume averaging of high-signal- 
intensity anular tears with adjacent low-signal-intensity intact 
anuli on the 4-mm-thick slices, or small tears that were quite 
vascular but had a relatively small interstitial space with little 
free water. Yu et al. [4] did not mention how often the anular 
tears seen in vitro in their cadaver study were successfully 
imaged with MR, nor did they specify the number of excita- 
tions used for the T2-weighted images. Further studies are 
needed to define which technique is superior. 

No attempt was made to undertake a clinical study corre- 
lating pain with MR findings. Rather, these findings are pre- 
sented as an anatomic study regarding the utility of Gd- 
DTPA-enhanced T1-weighted images for imaging the healing 
response of the intervertebral disk in vivo. This study is 
necessarily incomplete. Correlation of diskographic findings, 
MR, and pathology is possible in vitro. However, the in vivo 
MR characteristics are much more difficult to define: Few 
surgical specimens from anular tears without frank herniation 
are available at our institution owing to the reluctance of 
surgeons to operate without grossly identifiable morphologic 
alterations (i.e., herniation), and the use of diskography is 
highly variable. 
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In conclusion, preliminary evidence indicates that enhanced 
T1-weighted images are able to image anular tears in vivo, 
secondary to ingrowth of vascularized granulation tissue. 
Future research needs to address (1) how diskography and 
enhanced MR correlate with clinical symptoms and outcome 
after surgery and (2) the relationship of anular enhancement 
to diskogenic pain [25]. 
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Synovial Cysts of the Lumbosacral 
Spine: Diagnosis by MR Imaging 





Intraspinal synovial or ganglion cysts are uncommon lesions associated with degen- 
erative lumbosacral spine disease. CT usually reveals cystic lesions adjacent to a facet 
joint, and they may show calcification. MR imaging of four surgically confirmed cases 
of intraspinal synovial cysts revealed subtle signal changes compared with CSF. Short 
TR/TE images showed the lesions to be Slightly hyperintense in three cases and 
isointense in one case. Long TR /TE sequences revealed a hyperintense appearance in 
two cases and a hypointense appearance in the others. A peripheral rim of decreased 
Signal on long TR/TE images probably reflects fine calcification or hemorrhage in the 
margins of the cysts. 

The multiplanar and contrast characteristics of MR make this technique well suited to 
the diagnosis of herniated disk, degenerative facet disease, and synovial cyst. 
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Intraspinal synovial or ganglion cysts are associated with degenerative lumbo- 
sacral spine disease. The increasing number of recent reports [1-8] probably 
reflects the improved diagnostic accuracy afforded by CT. The characteristic CT 
appearance is usually a calcified, cystic lesion adjacent to a facet joint, as first 
reported by Hemminghytt et al. [9]. There are two reports of MR imaging in the 
diagnosis of synovial cysts. Granat et al. [10] first reported that MR was diagnostic 
in one case but noncontributory in a second. Azzam [11] has recently described 
the MR diagnosis of a midline lumbar ganglion/synovial cyst. We present four 
surgically treated cases of lumbar intraspinal synovial cysts that were diagnosed 
preoperatively by MR. 


Case Reports 
Case 7 


A 57-year-old man presented with numbness of the left anterior thigh that he had 
experienced for 31 years. Intermittent pain in his left calf became persistent and severe about 
7 weeks before hospitalization. He denied any trauma, although he had been involved in 
multiple sports injuries. On examination, his left thigh was atrophied but the calf muscles 
were normal. Patellar reflex was absent on the left and hypoactive on the right. Sensory 
examination revealed diminished sensation to light touch and pin prick on the anterior aspect 
of the left thigh. 

The spine was examined with a 1.5-T MR imager. Short TR/TE (T1 -weighted) axial images 
at L4-L5 (Fig. 1A) revealed bilateral severe facet joint degeneration with bony hypertrophy 
and large posterolateral extradural impressions upon the thecal sac, which was markedly 
narrowed. These extradural lesions were centered on the facet joints and were slightly 
hyperintense relative to CSF. A hypointense rim was best seen on a Sagittal long TR/TE (T2- 
weighted) image (Fig. 1B). The synovial cyst was mildly hypointense relative to CSF on the 
long TR/TE image. The decreased Signal intensity of the L3-L4 and L5-S1 intervertebral 
disks reflected disk desiccation resulting from degenerative disk disease. Signal hyperintensity 
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Fig. 1.—Case 1. MR images at 1.5 T. 
A, 5-mm-thick axial T1-weighted SE image (800/20/2) at L4-L5. 


B, 5-mm-thick sagittal T2-weighted SE image (2000/80/2) of lumbosacral spine. 


C, Anteroposterior radiograph from lumbar myelogram. 
D, Axial postmyelogram CT image at L4-L5. 


of the adjacent endplates of L5 and S1, due to increased marrow fat, 
was a consequence of degenerative disk disease. Lumbar myelog- 
raphy confirmed bilateral extradural masses compressing the thecal 
sac (Fig. 1C). The postmyelogram CT demonstrated arthropathy with 
vacuum phenomenon involving the left facet joint; the cysts were 
located laterally, adjacent to the facet joints (Fig. 1D). 

Bilateral L4-L5 laminectomies were performed. Synovial cysts, 
arising bilaterally from the L4-L5 facet joints, were totally excised. 
Histologic examination revealed that the cyst wall was composed of 
reactive synovial membrane. The patient has done well 8 months 
postoperatively. 


Case 2 


A 67-year-old man presented with a history of chronic low back 
and right leg pain for 1 year. The pain radiated along the posterolateral 
aspect of the thigh to the midcalf. On examination he was tender 
over the right sciatic notch. The straight leg-raising test was positive 
at 20° on the right. His sensory examination was normal. 

An MR axial image at L4-L5 showed a right posterolateral mass 
near the facet joint compressing the thecal sac. The mass had a 
greater signal intensity than adjacent CSF on a short TR/TE sequence 
(Fig. 2A). The peripheral hypointensity of the synovial cyst was 
accentuated on the long TR/TE sagittal image, while the more central 
portion of the cyst had greater signal intensity than CSF (Fig. 2B). 
Images were acquired at 0.35 T. 

The patient had a right L4-L5 laminectomy with excision of the 
synovial cyst, which arose from the right L4—L5 facet joint. The cyst 
wall was composed of reactive fibrous connective tissue. 

The patient did well for 8 months postoperatively. He returned with 
complaints of left-sided leg pain. Physical examination revealed weak- 
ness of plantar flexion on the left and decreased sensation to pin 
prick and light touch along the sacral one dermatome. He had an 
absent ankle jerk on the left. MR revealed lumbar stenosis at L4-L5. 
He underwent a lumbar laminectomy and fusion 20 months after his 
initial surgery. He is asymptomatic a month after his second surgery. 


Case 3 


A 58-year-old woman presented with right leg pain of 3 months 
duration, which radiated along the posterolateral aspect of the thigh 





Fig. 2.—Case 2. MR images at 0.35 T. 

A, 5-mm-thick axial T1-weighted SE image (600/20/2) at L4-L5. Arrow 
indicates medial margin of right extradural mass. 

B, 5-mm-thick sagittal lumbosacral T2-weighted SE image (1500/ 
120/2). 


to the calf. Examination revealed mild lumbosacral tenderness with a 
positive straight leg-raising maneuver on the right at 40°. She had no 
objective motor weakness or sensory deficits. The right Achilles reflex 
was absent. 

Short TR/TE axial MR images at 1.5 T demonstrated a right 
posterolateral mass compressing the thecal sac and encroaching 
upon the right intervertebral foramen at L5-S1 (Fig. 3). This synovial 
cyst was slightly hyperintense relative to CSF and was approximately 
centered at the right facet joint. A sagittal long TR/TE sequence (not 
shown) revealed hypointensity of the cyst relative to CSF, with a 
more subtly hypointense peripheral margin. 

Right L5 and S1 hemilaminectomies with decompression of the 
right S1 nerve root were performed. A cyst with 1 ml of xanthochromic 
fluid arose from the facet joint, adhering to the hypertrophic ligamen- 
tum flavum and compressing the S1 nerve root. The cyst was totally 
excised. Histologic examination showed a cyst wall of dense fibrous 
connective tissue with multiple foci of dystrophic calcification. The 
patient has no complaints 11 months postoperatively. 
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Fig. 3.—Case 3. MR images at 1.5 T. 5-mm-thick 
axial T1-weighted SE images (800/20/2) at and just 
cephalad to L5-S1. 


Case 4 


A 63-year-old woman presented with a 2-year history of progres- 
sive right leg pain in the distribution of the L4 nerve root. No history 
of trauma was obtained. 

Although sensory examination was normal, the right quadriceps 
and hamstrings were weak, with absent right patellar and Achilles 
reflexes. 

Spinal MR at 1.5 T disclosed, in the right lateral recess at the L4- 
L5 level, a lesion that extended into the intervertebral foramen (Fig. 
4A). The epidural fat ventrolateral to the thecal sac was observed, 
and the right lateral aspect of the thecal sac was compressed. The 
mass effect was centered on the facet joint and appeared contiguous 
with the jeint space. A subtle hypointensity, best seen on the long 
TR/TE image, demarcated the borders of this cyst, which was 
isointense with CSF on the short TR/TE sequence and slightly 
hyperintense relative to CSF on the long TR/TE sagittal image (Fig. 
4B). The sagittal image assisted in clarifying that the lesion was not 
a herniated nucleus pulposus, as it showed no continuity with the 
normal-appearing L4—L5 intervertebral disk. 

The patient underwent a partial right L4-L5 hemilaminectomy with 
total excision of a 1 x 1-cm cyst arising from the right L4-L5 facet 
joint. Histelogic examination revealed that the cyst wal’ was com- 
posed of hyperplastic synovial membrane. The patient has no com- 
plaints 9 months postoperatively. 


Discussion 


Intraspinal synovial or ganglion cysts are uncommon. A 
review of $4 reported cases (including the present four cases) 
reveals a female predominance (38 females, 16 males) [1-10, 
12-23]. Their ages range from 33 to 76 years, with a mean 
of 58 years. Most patients are symptomatic at the time of 
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Fig. 4.—Case 4. MR im- 
ages at 1.5 T. 

A, 5-mmsthick axial T1- 
weighed SE images (1000/ 
20/4) through L4-L5 inter- 
vertebral foramina. Arrow 
identifies mass lesion in 
right intervertebral foramen. 

B, 5-mm-thick sagittal 
T2-weighted SE image 
(2500/80/1) just to right of 
midline. 
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diagnosis. Incidental synovial cysts have been described [9, 
21]. Motor deficits were observed in 44.2%, sensory deficits 
in 28%, reflex changes in 31%, and no neurologic deficits in 
38.5%. 

In these 54 cases, 61% (33 cases) were located at the L4- 
L5 interspace, 17% (nine cases) at the L3-L4 interspace, 
13% (seven cases) at the L5-S1 interspace, and 9% (five 
cases) in the cervical region. Bilateral synovial cysts have 
been reported in three cases (Mercader et al. [6], Bhushan et 
al. [22], and case 1 in the series reported here). 

The origin of synovial cysts remains controversial. Most 
develop as a consequence of degenerative joint cisease or 
trauma [17-19]. This is further supported by the frequency 
of these cysts at the L4-L5 and L5-SI levels, which represent 
the most mobile segments of the lumbar spine and are the 
most common locations for degenerative disease. 

Myelography is usually inconclusive, revealing an extradural 
defect not immediately adjacent to the disk space. CT shows 
a cystic lesion with or without calcification located laterally 
adjacent to the facet joint. In 11 of 23 cases, calcification has 
been identified on CT [1-4, 6-10, 14, 23]. These cysts may 
be difficult to differentiate from other intraspinal cysts or from 
cystic neurofibroma and large herniated disks with free frag- 
ments. 

MR in our four cases revealed minimal signal intensity 
difference between the cyst and CSF on either short or long 
TR/TE sequences. In three cases the lesions were slightly 
hyperintense relative to CSF on the short TR/TE images; in 
the fourth case, the cyst was isointense with CSF. In two 
cases the cysts were slightly hyperintense relative to CSF on 
the long TR/TE sequences and in two cases they were 





166 


hypointense. These signal intensity changes may require care- 
ful manipulation of width and level of the image display 
window to avoid overlooking the lesion. All of our cases had 
a peripheral hypointensity accentuated on the long TR/TE 
images. This finding most likely represents fine calcification 
or hemorrhage in the margins of the cyst [7]. Joint capsule 
ligaments and dura are also of low signal intensity and may 
contribute to this appearance. The lateral location of the mass 
effect and its relationship to the facet joint is helpful in 
suggesting the diagnosis of a synovial cyst. Careful interpre- 
tation of both the axial and sagittal images is necessary to 
distinguish clearly a synovial cyst from a herniated nucleus 
pulposus. Facet joint degeneration, an associated finding, 
may be seen with MR. 

We conclude that a lateral location adjacent to a degener- 
ated facet joint will assist in differentiating synovial cysts from 
other extradural disorders. The multiplanar and contrast char- 
acteristics of MR make this technique well suited to the 
diagnosis of herniated disk as well as to the diagnosis of 
degenerative facet disease and synovial cyst. 
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MR Imaging of Tolosa-Hunt 
Syndrome 





The Tolosa-Hunt syndrome consists of painful ophthalmoplegia caused by cavernous 
sinus inflammation, which is responsive to steroid therapy. The MR features of 11 
patients with the clinical diagnosis of Tolosa-Hunt syndrome were studied. Two patients 
had normal MR studies of the orbit and cavernous sinuses. In nine patients, abnormal 
signal and/or mass lesions were seen in the cavernous sinuses; in eight cases, the 
abnormality was hypointense relative to fat and isointense with muscle on short TR/TE 
images and isointense with fat on long TR/TE scans. Extension into the orbital apex 
was seen in eight cases. In six of nine cases the affected cavernous sinus was enlarged; 
in five of nine it had a convex outer margin. One patient had a thrombosed cavernous 
sinus and superior ophthalmic vein in addition to a cavernous sinus soft-tissue mass. 

The signal intensity of Tolosa-Hunt syndrome in this limited series was similar to that 
of orbital pseudotumor and is confined to a limited differential diagnosis, which includes 
meningioma, lymphoma, and sarcoidosis. 


AJNR 10:1181-1184, November/December 1989; AJR 154:167-170, January 1990 


Since Tolosa [1] described a case of periarteritis of the cavernous carotid artery 
creating a painful ophthalmoplegia in 1954 there has been considerable interest in 
the Tolosa-Hunt syndrome (THS), an inflammatory process involving the cavernous 
sinus. In 1961, Hunt et al. [2] outlined six clinical criteria characterizing the 
syndrome: (1) steady, gnawing, retroorbital pain; (2) defects in the third, fourth, 
sixth, or first branch of the fifth cranial nerve, with less common involvement of the 
optic nerve or sympathetic fibers around the cavernous carotid artery; (3) symptoms 
lasting days to weeks; (4) occasional spontaneous remission: (5) recurrent attacks; 
and (6) prompt response to steroid therapy. Initial radiographic evaluation consisted 
of carotid artery and superior ophthalmic vein angiography, which often demon- 
strated narrowing of the carotid siphon or thrombosis of the superior ophthalmic 
vein and/or cavernous sinus [3-7]. While CT was initially thought to be insensitive 
to THS findings, modern high-resolution CT has been able to demonstrate soft- 
tissue abnormalities in the cavernous sinus, suggesting that THS need not be a 
diagnosis of exclusion [4, 8-10]. We retrospectively reviewed the MR findings in 
11 patients with THS, paying special attention to intensity patterns, anatomic 
involvement, and vascular changes. 


Materials and Methods 


Since 1984, 11 patients found to have THS were evaluated by MR imaging. Clinical records 
and patient charts were reviewed in all cases to see that patients fulfilled the criteria of painful 
cranial neuropathies with deficits in the third, fourth, fifth, or sixth distribution: spontaneous 
remissions or prompt responses to steroid treatment; and no other identifiable cause of the 
disorder. Biopsies of the affected cavernous sinus were performed in three patients, all three 
showing nonspecific inflammatory change. 

The 11 patients consisted of eight females and three males with an average age of 39 
years (range, 9-75). The left cavernous sinus alone was clinically involved in nine cases, one 
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case had bilateral involvement, and one case was affected only on 
the right side. The third cranial nerve was affected in nine cases, the 
fourth in five cases, the sixth in three cases, and the first division of 
the fifth nerve in three cases (some cases had multiple nerves 
involved). 

The patients were scanned on a 1.5-T GE MR scanner, and 
sagittal, coronal, and axial short TR/TE images were obtained with 
parameters of 500-800/20-25/1,2 (TR range/TE range/excitations), 
128,192 x 256 matrix, 3-mm slice thickness, and 14- or 16-cm field 
of view. Double echo long TR coronal or axial scans were used with 
2500-3000/30, 80/2, 128,192 x 256 matrix, 3- to 5-mm thickness, 
and 20-cm field of view. 


Results 


Two patients had normal MR examinations of the cavern- 
ous sinus. Of the nine patients with positive MR findings in 
the affected cavernous sinus, eight had low-signal tissue with 
respect to fat but isointense with muscle on short TR/TE 
images of the cavernous sinus. Long TR/TE images of these 
eight patients revealed isointensity with fat in the area of 
abnormality (Figs. 1 and 2). The one case of different signal 
intensities was complicated by cavernous sinus thrombosis— 
this lesion was hyperintense relative to muscle on short TR/ 
TE scans and hyperintense relative to fat on long TR/TE 
scans, suggesting subacute clot in the sinus. Similar intensity 
changes were found in the patient’s superior ophthalmic vein. 
Three cases showing narrowing of the cavernous carotid 
were identified (Fig. 2). In eight cases, extension into the 
ipsilateral orbital apex was detected (Fig. 3). The signal inten- 
sity of the lesion did not change as it entered the orbit. No 
skip lesions were found. All cases appeared to involve the 
apex through contiguous spread. 

When compared with the contralateral normal cavernous 
sinus, the cavernous sinus affected by THS was enlarged in 
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six of the nine patients with abnormal MR examinations. The 
outer dural margin was convex and bulging laterally in five of 
nine cases; the normal appearance is a concave outer con- 
tour. Soft tissue was seen medial to the carotid artery in only 
two of the nine patients with abnormal scans. 

Three of the nine patients with positive MR studies had 
repeat MR scans after steroid therapy and complete or partial 
resolution of symptoms. In two cases the mass in the cavern- 
ous sinus was smaller in size, but still present. In a third case 
no residual abnormality was detected. 

Clinically, the two cases that were normal on MR behaved 
similar to those with positive MR findings. Both had isolated 
left third-nerve palsies with retroorbital pain. One resolved 
spontaneously in less than a month, without recurrence. After 
the normal MR scan, the other patient was treated as if she 
had an ophthalmoplegic migraine, was placed on propranolol, 
and had resolution of her symptoms. 


Discussion 


THS has been well-defined in terms of clinical criteria for 
diagnosis, but the pathologic and radiologic literature has 
lagged behind the clinical description of the entity. This is due 
in part to the precarious location and small size of the lesion 
in a region difficult to image or sample by biopsy; namely, the 
cavernous sinus. For these reasons the diagnosis of THS has 
been one of exclusion. Only with the advent of CT and MR 
imaging could lesions of the cavernous sinus be visualized 
directly. 

The pathologic correlation in cases of THS is sparse owing 
to its lack of specificity and a reluctance to biopsy the cavern- 
ous sinus if steroid therapy is promptly effective. Tolosa’s 
original article [1] described a granulomatous periarteritis of 
the cavernous carotid, whereas Hunt et al. [2] wrote of a 
proliferation of fibroblasts, lymphocytes, and plasma cells 





Fig. 1.—Typical MR signal characteristics of Tolosa-Hunt syndrome (biopsy confirmed) in patient with a painful third-nerve palsy. Normal comparison 


view of cavernous sinus is also shown. 


A, Coronal 600/20 scan of normal volunteer demonstrates normal low intensity of cavernous sinuses with intracavernous carotid artery flow void 
(arrows). Note concave lateral dural reflection of cavernous sinus (arrowheads). 


B, Coronal 600/25 scan of patient with Tolosa-Hunt syndrome shows low-intensity lesion in left cavernou 


s sinus (arrow) that approaches left cavernous 


carotid above. The lesion is isointense with orbital muscles and is hypointense relative to neighboring fat. Lateral border of affected cavernous sinus is 


convex (arrowhead). 
C, Same lesion (arrow) on coronal 2500/80 scan is low in intensity. 
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Fig. 2.—Tolosa-Hunt syndrome with narrow- 
ing of left cavernous carotid artery in patient with 
third cranial nerve palsy and pain in distribution 
of first division of trigeminal nerve. 

A, Corona’ 600/20 scan demonstrates en- 
casement and narrowing of left cavernous ca- 
rotid artery (arrow) by low-intensity tissue. Note 
difference in caliber from right carotid. 

B, Coronal 3000/80 scan shows absence of 
bright signal; the lesion is just perceptible infe- 
riorly (arrowheads). In all cases the short TR/TE 
scans were best for detection of Tolosa-Hunt 
syndrome. 


Fig. 3.—Extension of inflammatory lesion into 
orbit in patient with extraocular muscle deficits 
and retroorbital pain. Biopsy proved. 

A, Axial 800/20 scan obtained late in the pa- 
tient’s course demonstrates a lesion isointense 
with muscle in right cavernous sinus (arrow- 
heads) as well as thickening of lateral and medial 
rectus, optic nerve, and orbital apex fat infiltra- 
tion. These orbital findings are typical of orbital 
pseudotumor. Serial CT scans had shown a le- 
sion that originated in the cavernous sinus, but 
over a 1-month interval had spread to the orbital 
apex. 

B, Coronal 3900/90 scan shows abnormal sig- 
nal in right orbit (arrows) similar in intensity to 
subcutaneous ‘at. Temporal lobes (T) are also 
seen on this image. 


within the adventitia of the vessels. Campbell and Okazaki 
[11] found a necrotizing vasculitis with chronic nongranulo- 
matous inflammation in one case and noted the overlap of 
pathologic features in orbital pseudotumor and THS. All three 
of our biopsied cases revealed nonspecific inflammation. Cul- 
tures were negative and no neoplasm could be detected. 
Granulomas were not discovered; lymphocytes and fibro- 
blasts predominated. 

Before CT the radiographic evaluation for THS consisted 
of angiography and plain films to exclude aneurysms, menin- 
giomas, metastases, and pituitary masses. Angiographic fea- 
tures in THS include narrowing of the carotid siphon, occlu- 
sion of the superior ophthalmic vein, nonvisualization of the 
cavernous sinus, and reversibility of findings with steroid use 
[3-7]. However, a normal orbital venogram or arteriogram 
does not exclude THS, and one series found no vascular 
abnormality in 16 of 26 cases [7]. Plain films may show sellar 
erosions, but are usually normal [6]. In seven of eight cases 
reported by Aron-Rosa et al. [4], CT scans were reportedly 
normal, which perpetuated the prevailing view that THS was 
still a diagnosis of exclusion. However, since 1978 sporadic 
cases of positive CT studies in patients with THS have been 
reported [8, 9]. Kwan et al. [10] used CT to study five patients 
with clinically suspected THS and found asymmetric enlarge- 
ment of a cavernous sinus, abnormal nodular enhancement 
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of the prepontine cistern, or inflammatory soft-tissue density 
in the orbital apices in four of five cases; the fifth case was 
an epidermoid. All four positive cases showed resolution of 
the CT findings after steroid therapy. 

Our study complements an earlier MR Study of orbital 
pseudotumor (OP), a lesion with similar histopathology. OP 
produced low signal intensity on spin-echo sequences in 11 
of 12 cases in the series by Atlas et al. [13], possibly caused 
by the fibrous nature of the inflammatory process resulting in 
a decrease in mobile proton density [12, 13]. Additionally, the 
fat of the orbit lost signal intensity when invaded by idiopathic 
orbital inflammation [12, 13]. The intensity features of OP 
(isointense relative to muscle on short TR/TE images and to 
fat on long TR/TE images) are similar to those found in most 
THS cases, supporting the hypothesis that THS may not be 
a separate disease from OP but a related histopathologic 
entity in a different anatomic location. 

The clinical differential diagnosis of steroid-responsive pain- 
ful ophthalmoplegia includes metastases, carotid-cavernous 
fistulae, pituitary adenomas, vasculopathic cranial neuropa- 
thy, aspergillus invasion, Wegener's granulomatosis, sa-coid- 
osis, lymphoma, and ophthalmoplegic migraine [8, 10, 14- 
18]. Meningiomas and aneurysms may rarely cause pain when 
of sufficient size. While metastases, pituitary adenomas, as- 
pergillus infection, some meningiomas, and some casas of 
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lymphoma are often hyperintense relative to fat on long TR 
images, sarcoidosis, lymphoma, and meningiomas may dis- 
play hypointensity or isointensity on short TR/TE and long 
TR/TE sequences, as in THS [13] (Fig. 4). However, sarcoid- 
osis and lymphoma will often have systemic symptoms and 
meningiomas will not resolve with steroid therapy. Vascular 
abnormalities such as arteritides, cavernous-carotid fistulae, 
ophthalmoplegic migraines, and aneurysms are not associ- 
ated with masses in the cavernous sinus or orbital apex as in 
THS. 

In the appropriate clinical setting of painful ophthalmoplegia, 
MR findings of a cavernous sinus abnormality that is isoin- 
tense with muscle on short TR/TE images and isointense 
with fat on long TR/TE images suggests the diagnosis of 
THS. With these MR features and a prompt response to 
steroid therapy, THS need not merely be a diagnosis of 
exclusion, although other lesions may have similar intensity 
characteristics. A small percentage of patients with this clinical 
syndrome may have lesions not detectable with current im- 
aging techniques. 


REFERENCES 


1. Tolosa EJ. Periarteritic lesions of the carotid siphon with clinical features 
of carotid intraclinoid aneurysms. J Neurol Neurosurg Psychiatry 
1954;17:300-302 

2. Hunt WE, Meagher JN, LeFever H. Painful ophthalmoplegia: its relation to 
indolent inflammation of the cavernous sinus. Neurology 1961;11:56-62 

3. Sondheimer FK, Knapp J. Angiographic findings in the Tolosa-Hunt syn- 


YOUSEM ET AL. 


a1. 


a: 


18. 


AJR:154, January 1990 


Fig. 4.—Left cavernous sinus meningioma: 
one of the differential diagnostic entities with 
signal characteristics similar to Tolosa-Hunt syn- 
drome. Surgically proved. 

A, Low-intensity mass in left cavernous sinus 
on 600/20 scan elicited a painful third-nerve 
palsy (arrow). 

B, This meningioma is hyperintense relative 
to fat on 3000/80 scan. Some meningiomas, lym- 
phomas, metastatic foci, and sarcoid deposits 
may have intensity characteristics similar to To- 
losa-Hunt syndrome and may extend into orbital 
apex. 
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Percutaneous Transluminal 
Angioplasty of the Infrapopliteal 
Arteries: Results in 53 Patients 





Recent reports suggest that percutaneous transluminal angioplasty is a satisfactory 
alternative to surgical treatment of occlusion of the infrapopliteal arteries. To evaluate 
further the merits of percutaneous angioplasty of these vessels, we retrospectively 
analyzed the results of 57 procedures in 53 patients. Seventy-six infrapopliteal arteries 
were dilated: 26 anterior tibial arteries, 10 posterior tibial arteries, 18 peroneal arteries, 
and 22 tibioperoneal trunks. Thirty-three (62%) of the patients had concomitant angio- 
plasties of the femoropopliteal arteries or vein grafts. There were three major compli- 
cations (one death due to cardiac arrest 5 hr after the procedure and two puncture-site 
hematomas requiring surgery). Twenty minor complications did not affect clinical course. 
In the first 14 procedures (25%), tapered catheters were used, and technica! success 
occurred in only four (29%). In the succeeding 43 procedures (75%), Gruentzig balloon 
catheters and low-profile balloons were used, and technical success occurred in 37 
procedures (86%). Prompt clinical improvement was seen in 32 (80%) of 40 technically 
successful procedures. Prompt clinical improvement occurred in 28 (97%) of 29 proce- 
dures in which angioplasty restored straight-line flow to the foot (i.e., Nonobstructed 
blood flow in at least one calf vessel that is narrowed by no more than 75% of its 
diameter). When such flow was not restored, clinical improvement occurred in only four 
(36%) of 11 cases (p < .001). 

These results show that with current technology, infrapopliteal artery angioplasty is 
an effective and safe procedure. The greatest benefit is achieved when straight-line 
blood flow to the foot is restored. 
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Despite the fact that Dotter and Judkins [1] described three cases of angioplasty 
of the tibioperoneal trunk in their classic paper on transluminal angioplasty in 1964, 
experience in dilatation of the calf vessels has been limited. To date. only a few 
reports describe the use of angioplasty in the infrapopliteal arteries. Early series in 
which tapered catheters were used for dilatation had mixed results [2, 3]. Orly two 
papers on infrapopliteal artery angioplasty have been published since low-profile 
balloons and steerable guidewires have been available, and these suggest that the 
success of angioplasty has increased with the advent of these new technologies 
[4-6]. We report our results in 53 patients who were treated primarily for limb- 
threatening ischemia, and we analyze some of the technical and anatomic factors 
that influenced the outcome of the procedures. 


Subjects and Methods 


We analyzed the results of 57 percutaneous transluminal angioplasties of the infrapopliteal 
arteries performed in 53 patients at our institution between 1979 and 1987. Four of these 
patients underwent a second angioplasty during this time period. The patients ranged in age 
from 36 to 96 years, with a median of 70 years. Thirty (57%) were men, and 23 (43%) were 
women. Forty-five (85%) of the patients were diabetic, and 25 (47%) were smokers. Thirty- 
five patients (66%) had known coronary artery disease. 
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Fifty-six of the 57 procedures were performed for limb salvage, 
which was necessary if pain while at rest, nonhealing minor amputa- 
tion sites, ulcers, infection, or gangrene were present. Limb-salvage 
cases included 10 patients with failing bypass grafts and symptomatic 
extremities. One procedure was performed in an asymptomatic pa- 
tient with a failing graft. 

All patients received aspirin (325 mg) the evening before the 
procedure and were maintained on aspirin and dipyridamole (1 50 mg/ 
day) after the procedure. Diagnostic arteriography was generally 
performed 24-72 hr before angioplasty, but in a few cases the 
diagnostic study immediately preceded angioplasty. Sublingual nife- 
dipine (10 mg) was administered immediately before the procedure. 

All angioplasties were performed via an ipsilateral antegrade com- 
mon femoral or superficial femoral artery approach. After catheterizing 
the superficial femoral artery, but before crossing the target lesions, 
8000 units of intraarterial heparin was given; supplemental heparin 
was administered if the procedure was prolonged. Heparin was 
usually neutralized by IV administration of protamine at the end of 
the procedure. 

Seventy-six infrapopliteal arteries were dilated: 26 anterior tibial 
arteries, 10 posterior tibial arteries, 18 peroneal arteries, and 22 
tibioperoneal trunks. Thirteen patients underwent angioplasty of two 
of these vessels, and three patients underwent angioplasty of three 
of these vessels. Thirty concomitant femoropopliteal artery angio- 
plasties were performed successfully. Twelve patients had infrain- 
guinal venous bypass grafts in place at the time of angioplasty; 
concomitant angioplasty was successful in the three grafts in which 
dilatation was attempted. 

The first 14 procedures were performed with tapered angiographic 
catheters (Cook, Bloomington, IN). Beginning in 1981, 4-mm Gruent- 
zig-type angioplasty balloons (Medi-tech, Watertown, MA) were used, 
sometimes in combination with tapered catheters, for the next 19 
cases. In late 1985, we began using 3-mm and smaller low-profile 
balloons (Advanced Cardiovascular Systems, Temecula, CA) with 
0.016-in. (0.41 mm) steerable guidewires (USCI-Bard, Billerica, MA); 
this technology was used most often in the last 24 cases. 

Angiograms and hospital charts were analyzed retrospectively. All 
patients were monitored until hospital discharge or 1 month after 
angioplasty, whichever came first. When available, follow-up nonin- 
vasive flow and pressure studies (30 patients) and angiograms (four 
patients) were used to evaluate the response to angioplasty. 

Single short lesions were defined as stenoses less than 1 cm in 
length; long or multiple lesions were defined as single lesions longer 
than 1 cm or sequential lesions. The term “straight-line flow” is used 
to indicate nonobstructed flow to the foot via at least one calf vessel 
which is narrowed by no more than 75% of its diameter. 

Technical success was defined as dilatation yielding restoration of 
75% of vessel lumen diameter. A beneficial early clinical response 
was defined as healing of lower extremity lesions or amputation sites, 
or clearing of signs and symptoms such as infection or rest pain. 
Responding patients all had restoration of distal pulses and/or im- 
provement in noninvasive laboratory parameters. 

Major complications were defined as those that prolonged hospital 
stay, affected treatment significantly and adversely, or yielded a 
residual deficit. Complications were considered minor if they did not 
affect clinical course. 

Data were analyzed by chi-square analysis or the Fisher exact 
test, where appropriate [7, 8], and statistical significance was defined 
by p < .05. 


Results 


The technical success and clinical response rates are 
shown in Table 1. Other factors influencing Success are 
described next. 
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TABLE 1: Infrapopliteal Angioplasty: Technical Success and 
Beneficial Early Clinical Response 





Good Clinical 
Technical Response After Overall Good 
Procedure Subuan Technical Clinical 
S Response 
uccess 
Catheter only (n 
= 14) 4/14 (29%)* 4/4 (100%) 4/14 (29%) 
Balloon (n = 43) 37/43 (86%)* 28/36 (78%) 28/42 (67%) 
Total (n = 57) 41/57 (72%) 32/40 (80%) 32/56 (57%) 


a Difference in technical success rates is significant (p < .05). 
> One patient died 5 hr after successful angioplasty and is excluded from 
clinical response data. 


Technical Success 


Fifty-nine (78%) of 76 vessels were dilated successfully. 
Successful dilatation was achieved with catheters in 5 (33%) 
of 15 vessels and with balloons in 54 (89%) of 61. Two (40%) 
of five occlusions were dilated successfully; all occlusions 
occurred in the group treated with catheters. 

Vessels were dilated successfully in 17 (89%) of 19 angio- 
plasties performed with (4 mm) Gruentzig balloons; 20 (83%) 
of 24 angioplasties performed with (3 mm and smaller) low- 
profile balloons were successful. 

By using balloons, 47 (92%) of 51 vessels with nonosteal 
lesions were dilated successfully, compared with seven (70%) 
of 10 vessels with osteal lesions (p = .068, NS). Nine of 10 
osteal lesions occurred in the anterior tibial artery. Osteal 
lesions accounted for half of all technical failures with balloons; 
the single failure to dilate a short-segment lesion occurred at 
the anterior tibial artery origin. Technical failure was usually 
due to unresponsiveness of the vessel with the lesion to 
dilatation; inability to cross the lesion was an infrequent cause 
of failure. In one case, a technical failure occurred when a 
low-profile coronary balloon failed to pass through a stenosis. 
It was thought that a low-profile angiographic balloon, which 
has more shaft stiffness than its coronary analog, probably 
would have passed if it had been available to us at that time. 

By using balloons, successful dilatation was achieved in 16 
(73%) of 22 anterior tibial arteries and in 38 (97%) of 39 other 
vessels (p < .01). With osteal lesions excluded, technical 
success occurred in 10 (77%) of 13 anterior tibial arteries and 
in 37 (97%) of 38 other vessels (p < .05). Technical success 
was achieved in 27 (96%) of 28 single short lesions and in 27 
(84%) of 32 long or multiple lesions (p = .11). 


Beneficial Early Clinical Response 


Twenty-eight (97%) of the 29 patients in whom angioplasty 
successfully restored straight-line flow to the foot showed a 
clinical response. In 27 of these patients, straight-line flow 
was restored in only one calf artery. When straight-line flow 
was not restored, only four (36%) of 11 patients responded 
clinically (p < .001). A clinical response occurred in 10 (91%) 
of 11 peroneal artery angioplasties and in eight (100%) of 
eight anterior or posterior tibial artery angioplasties in which 
straight-line flow was restored. Twenty-six (96%) of 27 dia- 
betic patients, two (100%) of two nondiabetic patients, and 
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21 (91%) of 23 patients with ischemic tissue loss responded 
to restoration of straight-line flow. 

Four patients with technically successful angioplasties 
underwent a second procedure 2-872 months later; two 
patients showed a good Clinical response to the second 
dilatation. 


Complications 


There were three major complications. Two large puncture- 
site hematomas required surgical repair; one of these patients 
had been heparinized soon after the procedure by the surgical 
Staff. A third patient died suddenly 5 hr after angioplasty, 
presumably from a cardiopulmonary arrest. Twelve hours 
after angioplasty, a fourth patient with chronic renal failure 
sustained a cardiopulmonary arrest from iatrogenic hyperka- 
lemia unrelated to the procedure. The patient was resusci- 
tated but was left with a mild neurologic deficit. 

Eighteen patients had 20 minor complications. There were 
six vessel occlusions in six patients, five occurring after 
multiple or long-segment dilatations. Transcatheter aspiration 
of an embolus to a severely diseased nontarget artery was 
successful in the one case in which it was attempted. Three 
emboli occurred proximal to more distal occlusions in target 
or nontarget arteries. Two emboli were noted in severely 
stenotic pedal artery branches; both of these patients im- 
proved after angioplasty. There were nine small groin hema- 
tomas. Two cases of localized contrast extravasation resulted 
from arterial perforation from a guidewire and catheter: both 
healed spontaneously. Three patients experienced transient 
acute renal failure; two of these had a history of chronic renal 
insufficiency. 

No limbs were lost or acutely deteriorated from an angio- 
plasty complication, and in no case did a complication require 
emergent surgical revascularization. 


Discussion 


Our primary technical success rate increased approxi- 
mately threefold after we began using balloons instead of 
tapered catheters. Our technical success rate was signifi- 
cantly higher in the tibioperoneal trunk, posterior tibial artery, 
and peroneal artery than it was in the anterior tibial artery. 
Technical success was higher in patients with single short or 
nonosteal lesions, though the difference was not statistically 
significant. 

Restoration of nonobstructed flow to the foot was a highly 
significant factor in predicting a beneficial clinical response in 
all patients. Restoring straight-line flow via any one of the 
infrapopliteal arteries appears sufficient for a clinical response. 

Most of the patients who underwent proximal tibial or 
peroneal angioplasty of vessels that were occluded distally 
were considered either extremely poor surgical risks because 
of their underlying medical condition or were deemed to have 
anatomy inadequate for distal bypass surgery. In these pa- 
tients with poor distal runoff, amputation was usually believed 
to be the only alternative to angioplasty; it was hoped that 
their limbs could be salvaged by increasing flow to collaterals 
proximal to distal occlusions. The concept of increasing flow 
into noncontinuous tibial arteries was as yet untested, be- 
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cause there had been no large series of infrapoplitea angio- 
plasties published before this study. On analyzing these data, 
we conclude that infrapopliteal artery angioplasty will almost 
always yield beneficial clinical results when nonobstructed 
flow to the foot is restored, but angioplasty will yield a 
response in only about one third of cases in the presence of 
obstruction distal to the dilatation site. 

In no case did an angioplasty complication preclude bypass 
surgery that the original vascular anatomy would have per- 
mitted. 

One death occurred in this series, yielding a periprocedural 
mortality rate of 1.8%. By comparison, the operative mortality 
rate for patients undergoing small vessel bypass at Montefiore 
Medical Center is 2.9%; for those undergoing primary ampu- 
tation (probably the sickest group) it is 11% [9]. 

Arterial spasm was not encountered. Most of our patients 
received sublingual nifedipine immediately before angioplasty. 
We do not administer transcatheter nitroglycerin prop ylacti- 
Cally. In some early series of popliteal angioplasties performed 
primarily with van Andel catheters, spasm was reported in 2- 
44% of cases [2, 3, 10] and often led to thrombosis. More 
recently, other workers have similarly remarked on the pres- 
ence of spasm [4, 6]. We cannot explain the discrepancy in 
the incidence of spasm between our series and those of 
others, but we note that Brown et al. [5] also did not use 
nitroglycerin and had a low incidence of spasm. 

There is also disagreement in the literature regardirg hep- 
arinization after tibial vessel angioplasty. We have not rou- 
tinely heparinized our patients after angioplasty and have had 
no acute thromboses. One of our patients was treated with 
heparin by the vascular surgeons 8 hr after angioplasty; that 
patient showed signs of femoral nerve compression from a 
puncture-site hematoma and had surgery to repair it. 

The reported experience with infrapopliteal artery angio- 
plasty is limited but expanding. Two early papers dealing with 
small numbers of patients, with angioplasty performed pri- 
marily with tapered catheters, reported mixed but promising 
results [2, 3]. Soon after, Starck et al. [10] described 49 
infrapopliteal angioplasties performed with 5- to 7-French van 
Andel catheters, which were part of a larger group of 149 
popliteal and infrapopliteal angioplasties. These authors re- 
ported a 76% technical success rate and an 88% slinical 
response rate in patients monitored until discharge. 

To our knowledge, there have been only two other series 
on infrapopliteal angioplasty since the advent of angioplasty 
balloons. In these papers, all procedures were performed with 
low-profile balloons and steerable guidewires [4, 5]. Schwar- 
ten and Cultliff [4] dilated 145 arteries in 98 patients and 
reported a primary anatomic success rate of 97% with initial 
healing in 88%. Differences in selection of patients and anat- 
omy probably exist between that population and ours: for 
example, only 60% of Schwarten’s patients were diabetic. 
Brown et al. [5] reported a 75% technical success rate in 11 
patients, 89% of whom were diabetic, and an 89% early 
response to successful angioplasty. These two papers did 
not analyze specific factors that influenced technical success 
or Clinical response. However, five of six patients in Brown’s 
series who had prolonged clinical success had palpable distal 
pulses after angioplasty, suggesting the importance of re- 
Storing continuity of flow to the foot. 
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Schwarten and Cultliff [4] reported a 2% major complication 
rate. Brown et al. [5] reported two thromboses in 11 patients, 
possibly a result of their patients having received only 3000 
units of heparin during the procedure. We feel, as do others 
[6], that liberal use of systemic heparin during angioplasty of 
peripheral vessels is probably more crucial than its use in 
angioplasty of higher flow vessels, such as the iliac arteries. 

It is becoming clear that technical advances and increased 
experience are yielding excellent results in treating lesions of 
the arteries below the knee [6], which were formerly consid- 
ered inaccessible to and unsafe for angioplasty. Although the 
long-term efficacy still needs to be evaluated, the results of 
infrapopliteal artery angioplasty appear to approach those of 
distal bypass surgery, with less morbidity and mortality. 
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Diagnosis of Femoropopliteal 
Venous Thrombosis with MR 
Imaging: A Comparison of Four MR Pulse 
Sequences 





In a prospective study, MR images were evaluated in seven patients with femoro- 
popliteal venous thrombosis with symptoms of less than 5 days duration. T1-weighted 
(600/25 [TR/TE]), intermediate (2000/30), and T2-weighted (2000/100) spin-echo series 
and a gradient-recalled acquisition in the steady state (GRASS) series were compared. 
Using venography as the standard for diagnosis, we found GRASS to be the most 
sensitive of the MR techniques, showing thrombi in all patients. It provided good contrast 
between the low-intensity thrombus and high-intensity flowing blood and also between 
thrombus and intermediate- or high-intensity perivascular tissues. The T1-weighted 
series was the least sensitive technique. All thrombi showed heterogeneity in the 
transaxial image with differences in signal between the peripheral and central regions. 
A higher intensity signal in the center than in the periphery at some level of the thrombus 
was found in six of seven T2-weighted or GRASS images. Heterogeneity in the signal 
intensity was more frequent in distal portions of thrombi, whereas the most proximal 
extent was homogeneous in appearance in six of seven cases. The heterogeneous 
appearance may be related to the greater age of the distal thrombus, because deep 
venous thrombi are known to begin in the calf and extend proximally over time. 

We conclude, on the basis of our experience with a small number of patients, that the 
GRASS MR technique is more sensitive for detecting acute deep venous thrombosis 
than T1-weighted, intermediate, and T2-weighted MR images. 
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Thrombi in abdominal and pelvic veins have been identified by using spin-echo 
sequences with T1- or T2-weighted MR images [1-4], and a gradient-recalled 
acquisition in the steady state (GRASS) sequence has been used to identify thrombi 
in iliac and femoral veins [5, 6]. The accuracy of MR imaging in diagnosing deep 
venous thrombosis and its ability to distinguish age-related properties of thrombi 
may be related to the choice of image acquisition sequence and to the particular 
acquisition parameters selected. Therefore, we have compared four different 
acquisition sequences in patients with acute thrombosis of the femoropopliteal 
veins proved with venography, evaluating the cross-sectional appearance at differ- 
ent levels. Only patients with thrombosis involving femoral or popliteal veins were 
chosen for imaging because our pilot studies showed that the body coil did not 
provide sufficient signal-to-noise ratio for high-resolution, small-field-of-view images 
needed to assess the internal structure of venous thrombi in the calf. 


Subjects and Methods 


MR imaging was performed on seven patients with symptoms of less than 5 days duration 
consistent with femoropopliteal deep venous thrombosis in whom venography showed acute 
thrombus in the calf, the popliteal vein, the superficial femoral vein, and/or the common 
femoral vein. The patients included four men and three women, from 26 to 71 years old. 
Informed consent was obtained from all patients. 
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The MR studies were conducted with a 1.5-T General Electric 
Signa imager within 24 hr of venography. Axial images were first 
obtained with a GRASS sequence with first-order flow compensation, 
by using 10-mm slices and 10-mm interslice intervals from the level 
of mid pelvis to the knee. Image data were acquired with a TR/TE of 
33/17, flip angles of 50°-70°, two excitations, and a 128 x 256 
matrix. T1-weighted images were obtained at 600/20-30, intermedi- 
ate images at 2000/30, and T2-weighted images at 2000/100 with 
the same imaging parameters. The body coil was used as transmitter 
for all patients and as receiver for five. For two patients in whom 
venography showed thrombosis extending only to the distal superfi- 
cial femoral vein, a homemade, single-loop, saddle-shaped surface 
coil was used as a receiver. The field of view was adjusted on the 
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Fig. 1.—69-year-old woman with acute ve- 
nous thrombosis in calf, popliteal vein, and su- 
perficial femoral vein. MR images show typical 
appearance of thrombi at two levels in thigh with 
four different pulse sequences. Axial images 
were obtained at proximal tip of thrombus (A-D) 
and 10 cm distally (E-H). 

A-D, Gradient-recalled acquisition in the 
steady state (GRASS) image (A) shows low- 
intensity thrombus (arrow) easily distinguishable 
from high-intensity flowing blood. 600/25 (B) and 
2000/30 (C) images show intermediate-intensity 
thrombus, which is difficult to distinguish from 
flowing blood. 2000/100 image (D) shows areas 
of high and low signal intensity, and thrombus 
cannot be identified. 

E-H, In GRASS image (E), thrombus (arrow) 
appeers as a low-intensity area but has inter- 
mediate intensity in 600/20 (F) and 2000/30 (G) 
images. High-intensity centers are shown in 
2000/30 (G) and 2000/100 (H) images. Edema- 
tous perivascular tissue appears as a high-sig- 
nal-intensity area (arrows) in H. 


basis of the size of the patient; it varied from 20 to 34 cm for images 
obtained with the body coil and was 20 cm for surface-coil images. 
The images were evaluated for contrast between thrombus and 
flowing blood or perivascular tissues and also for relative signal 
intensity in the center compared with the periphery of the thrombus 
at different levels. The effect of saturation pulses and of first-order 
flow compensation on spin-echo images of proximal veins in the thigh 
was tested in two volunteers. 


Results 


The femoropopliteal veins could be localized without diffi- 
culty with all four acquisition sequences in areas where there 
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Fig. 2.—26-year-old man with acute venous thrombosis in calf, popliteal 
vein, and superficial femoral vein. MR images obtained with four pulse 
sequences show heterogeneity in thrombus. 

A-D, Axial MR images were obtained 10 cm from proximal tip of throm- 
bus. In GRASS image (A), thrombus (arrow) has a low-intensity peripheral 
rim with higher signal in center. In 600/25 image (B), it appears as an 
intermediate-intensity area and cannot be distinguished from flowing 
blood. In both 2000/30 (C) and 2000/100 (D) images, periphery has a 
higher signal intensity than center. 


was sufficient adjacent adipose tissue (e.g., in the pelvis, 
groin, upper thigh, and popliteal fossa). Identification was 
more difficult in lean patients or in the lower thigh and calf, 
where there was less perivascular fat. The appearance of 
thrombus varied depending on the pulse sequence used and 
varied in distal and proximal portions. In GRASS images, the 
tip of the thrombus had a homogeneous low intensity (Fig. 
1A) in five patients, intermediate intensity in one patient, or 
had a low intensity “rim” with an intermediate center in one 
patient (Fig. 2A). There was good contrast between thrombus 
and the high-intensity signal from flowing blood in all cases. 
Distal from the tip, the thrombus in only one patient had a 
homogeneous low intensity (Fig. 1E), all others showed a 
low-intensity rim with intermediate center (Fig. 2A). This ap- 
pearance was distinct from flowing blood or surrounding 
perivascular tissues, permitting definite identification of the 
clot. 
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T1-weighted images were less useful in identifying thrombi 
(Fig. 1B). Flowing blood appeared most often as an area of 
intermediate signal intensity or showed varying intensity rims 
or a flow-void, depending on the slice location (Fig. 2B). Most 
thrombi at all levels appeared as intermediate-intensity ho- 
mogeneous areas, and little contrast was seen between 
thrombus and flowing blood or perivascular tissues. Hetero- 
geneity in the thrombus was seen on T1-weighted images in 
only three patients as opposed to the GRASS images, which 
showed more image variability. 

The appearance of thrombi obtained at 2000/30 was similar 
to that obtained with the T1-weighted sequence (Fig. 1C). 
Flowing blood appeared as a flow-void, an area of intermedi- 
ate signal intensity (Fig. 2C), or had different intensity rims, 
depending on slice location. The appearance of the proximal 
portion of the thrombus did not differ from the flowing blood 
in the contralateral vein; both showed intermediate signal 
intensity (six patients) or a high-intensity rim (one patient). 
More heterogeneity in the image appeared in the distal portion 
of the thrombus when the intermediate pulse sequence was 
used compared with the T1-weighted images, with five 
thrombi showing higher intensity centers compared with the 
periphery of the clot at some level (Fig. 1G). 

In T2-weighted images, the most proximal porticn of the 
thrombus had intermediate intensity but could not be distin- 
guished from signal originating from flowing blood (ig. 1D). 
The most proximal portion of the thrombus in one patient 
was unusual in showing a low-intensity rim with an interme- 
diate-intensity center, similar to its appearance with the 
GRASS sequence. However, this pattern was seen distally 
with T2-weighted images at one or more locations in all of 
the other patients except for one in whom the thromous was 
homogeneous throughout. 

The GRASS sequence was the most sensitive in showing 
heterogeneity in the cross-sectional appearance of thrombi, 
with six of seven having a higher intensity center in one or 
more sections distal to the tip. In four of seven patients, 
sections 2-3 cm distal from the thrombus tip showed heter- 
ogeneity. Six of seven patients showed this pattern 5-6 cm 
distal from the thrombus tip. The T2-weighted image showed 
heterogeneity in the thrombus in six of seven patients, but 
this occurred in fewer levels than seen with the GRASS 
sequence. In three patients, all sequences showed a higher 
intensity center in at least one section. A higher mtensity 
periphery was seen less commonly; it was found in only two 
patients with the intermediate sequence and in one patient 
with the T2-weighted sequence. Studies in volunteers showed 
that the signal from flowing blood in proximal veins in the 
thigh in T1-weighted, intermediate, and T2-weighted spin- 
echo images varied from low to high intensity whether or not 
saturation pulses or first-order flow compensation was used. 

Because the GRASS images were the most sensitive, 
identifying thrombi in all patients, they were compared with 
the venographic findings. Flowing blood could be identified in 
all cases in which a thrombus filled 60% or less of the cross- 
sectional area of the vein, and the most proximal pcrtion of 
the thrombus was easier to recognize in transaxial GRASS 
images than in the venogram. One thrombus nearly filled the 
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vein and was surrounded by a narrow rim of contrast on 
venography; this peripheral rim of flowing blood was not seen 
in GRASS images. The venogram and GRASS image were in 
agreement regarding the presence of thrombus in all cases in 
the external iliac, common femoral, superficial femoral, and 
popliteal veins. 


Discussion 


Analysis of the MR images showed that the GRASS se- 
quence was better than T1-weighted, intermediate, and T2- 
weighted images in identifying thrombus in femoral and pop- 
liteal veins. With this sequence, image slices are acquired 
sequentially rather than in an interleaved fashion. Thus, pro- 
tons in flowing blood in any particular slice are continuously 
replaced with fully magnetized spins, while the surrounding 
Stationary tissue is saturated [7]. The time-of-flight effect of 
flow is responsible for the efficiency of this approach and 
makes the GRASS sequence more effective than T1- or T2- 
weighted sequences. Also, the GRASS sequence provides 
good contrast between flowing blood and thrombus, as 
shown previously [5]. Although excellent agreement was seen 
between GRASS images and venograms in identification of 
thrombus in the popliteal vein and more proximal veins in the 
leg, the signal-to-noise ratio available with the body coil used 
did not support the small-field-of-view images that are needed 
for more detailed evaluation of the structure of venous thrombi 
in the calf. Although the use of specialized surface coils could 
solve this problem, multiple imaging coils and sequences 
would be required to evaluate the veins in the leg. 

In spin-echo images, many factors contribute to the signal 
intensity of flow, including the distance of the image slice from 
the entry point of the flowing blood; the TR/TE combination; 
the number of echoes; and the direction, velocity, and char- 
acter of the flow [8-10]. Our experience shows that spin- 
echo images with T1-weighting, T2-weighting, or intermediate 
weighting were diagnostically inferior to the GRASS se- 
quence, providing little contrast between thrombus and sur- 
rounding tissue or flowing blood, and failing to show thrombus 
at many sites. On the basis of results of studies performed 
on normal subjects, we did not use presaturation pulses or 
first-order flow compensation in the spin-echo examinations. 
The MR appearance of flowing blood in veins in the groin 
showed considerable variation whether or not these methods 
were used. The reason for the lack of a consistent flow-void 
with presaturation pulses and for the lack of high signal from 
flowing blood with flow compensation in these veins is not 
clear, but it may be related to the low velocity of venous flow. 
The spin-echo sequences, particularly the T2-weighted im- 
ages, were adequate for evaluating inflammatory changes in 
tissues next to thrombosed veins. 

Variations in the MR image of thrombi may reflect age- 
related changes in the composition of the thrombi that are of 
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potential diagnostic importance. Prior studies that used spin- 
echo sequences have shown differences in the MR image of 
acute compared with older venous thrombi [11-13]. Our 
studies also show variations in MR appearance of acute 
venous thrombi, showing heterogeneity in more distal por- 
tions. This heterogeneity may be age-related, because most 
thrombi are thought to begin in the calf and then extend over 
a variable period of time to involve more proximal veins [14]. 
Therefore, the most proximal portion of the thrombus may be 
regarded as the most recent and distal parts as older clot. 
This is consistent with our findings, in which the tip of the 
thrombus representing recent clot was homogeneous, 
whereas distal, older portions were heterogeneous in appear- 
ance with a periphery of lower intensity and a center of higher 
image intensity. 
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Technical Note 





Catheter for Conversion of Retrograde to Antegrade 


Femoral Artery Catheterization 


Yashwant D. Patel’ 


Antegrade femoropopliteal catheterization may be required 
for diagnostic angiography, angioplasty, thrombolytic therapy, 
or chemotherapeutic infusions. Several needles [1, 2] and 
catheters [3, 4] have been described for this purpose. We 
designed a catheter that allows easy conversion of a retro- 
grade puncture to antegrade catheterization. This catheter 
was used successfully in 18 patients. 


Materials and Methods 


The catheter has a double curve and is triangular (Cook Inc., 
Bloomington, IN). The primary curve is about 135° and the secondary 
curve is about 30° (Fig. 1). 

The common femoral artery is punctured in the retrograde direction 
at a 70° angle with a Seldinger needle. The catheter is introduced 
over a guidewire into the abdominal aorta. The tip of the catheter is 
then engaged into a visceral artery and by a rotational and pushing 
motion of the catheter at the groin, the triangular shape of the catheter 
is re-formed. The catheter is then brought down into the common 
and external iliac arteries with its tip facing the lateral wall. This avoids 
opening the catheter loop at the aortic bifurcation or catheterization 
of the ipsilateral hypogastric artery. In the external iliac artery, the 
catheter is rotated so as to direct the tip medially. The catheter is 
then pulled at the groin to engage the secondary curve at the puncture 
site in the common femoral artery. A test injection of contrast medium 
usually delineates the distal common femoral artery and the superficial 
and deep femoral arteries. Road mapping facilitates subsequent 
passage of a guidewire into the superficial femoral artery. The use of 
a tapered guidewire decreases the risk of dislodging the catheter out 
of the femoral artery or pushing the catheter in the retrograde 





direction into the external iliac artery. This catheter or any other 
sheath/catheter then can be passed into the superficial femoral artery. 


Results 


This maneuver was performed in 18 patients between the 
ages of 14 and 70 years. Thirteen patients had diagnostic 
antegrade angiography. Three patients had superficial femoral 
and popliteal angioplasty, and one patient had thrombolytic 
therapy for a distal superficial femoral artery thrombosis. In 
one patient, the procedure was initially unsuccessful because 
of a horizontal retrograde puncture. A second retrograde 
puncture at approximately 70° was successful in converting 
and catheterizing the superficial femoral artery. In three pa- 
tients blood oozed around the catheter in the groin after the 
conversion. This was controlled by exchanging for a larger 
catheter in two patients and by direct compression in the third 
patient. 


Discussion 


The triangular catheter is useful when access to the super- 
ficial femoral artery is necessary after retrograde femoral 
catheterization. As compared with a sidewinder catheter [3], 
the curve is easily re-formed in the abdominal aorta without 
the need of a tip-deflecting guidewire. Once the curve is 
formed, there is little or no tendency for this loop to reopen 
at the aortic bifurcation or in the iliac arteries. This technique 
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The technique decreases direct radiation exposure to the 
operator's hands as compared with the antegrade technique. 
In obese patients, it may allow easier access to the superficial 
femoral artery compared with the antegrade technique. 
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Case Report 





Transcatheter Embolization of a Ruptured Abdominal 


Aortic Stump 


Keith K. Terasaki,''* Mark Allgood,’ Ethel J. Finck,’ and Michael J. Pentecost! 


Retroperitoneal or intraperitoneal rupture is a well- 
described complication of surgically created abdominal aortic 
Stumps, especially in the presence of infection [1, 2]. Most 
patients die as a result of uncontrollable hemorrhace. 

We report an unusual case of a ruptured abdominal aortic 
stump, with bleeding confined to the retroperitoneum, that 
was successfully treated with transcatheter embolization. 


Case Report 


A 19-year-old man was admitted after sustaining extensive shot- 
gun wounds to the abdomen and chest. At surgery, perforations of 
the stomach, small bowel, colon, inferior vena cava, and right common 
iliac artery were repaired. During the next 2 weeks, the patient 
required three additional major vascular operations for recurrent 
hemorrhage from both common iliac arteries, presumably due to 
missed injuries and infected pseudoaneurysms. On the 18th hospital 
day, after another episode of bleeding from the left common iliac 
artery, a large pseudoaneurysm of the abdominal aorta was found 
just proximal to the aortic bifurcation. In order to exclude the pseu- 
doaneurysm from the circulation, the abdominal aorta was ligated 4 
cm inferior to the renal arteries, and an aortic stump was created. 
The distal left and right common iliac arteries also were ligated and 
an extraanatomic left axillo-bifemoral graft was created. 

During the next month, the patient's course was complicated by 
Pseudomonas pneumonia, along with Candida and Staphylococcus 
aureus sepsis. He required a partial gastrectomy and multiple enter- 
ostomies. On the 65th hospital day, because of persistent leukocy- 
tosis, the patient underwent abdominal CT scanning, which revealed 
no evidence of abscess or aortic bleeding. Three days later, the 
patient became hypotensive to 80/50 mm Hg, and his hematocrit fell 
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from 28% to 21%. A second CT scan showed a large, 11 x 9 x 6 
cm, high-density fluid collection in the retroperitoneum, adjacent and 
inferior to the area of the aortic stump (Fig. 1A). A color Doppler 
sonogram showed swirling, pulsatile flow within the large ret-operi- 
toneal collection. 

An abdominal aortogram performed via a right axillary puncture 
revealed rupture of the aortic stump 4 cm inferior to the renal arteries. 
Rapid opacification of the large retroperitoneal collection was seen 
(Fig. 1B). The rupture in the aortic stump was approximately 1-cm 
long and 5-mm wide. 

Because the patient was not a good candidate for surgery, trans- 
catheter embolization of the aortic stump was performed. Five 
8-mm-diameter Gianturco coils (Cook Co., Bloomington, IN) were 
deposited into the aorta distal to the takeoff of the renal arteries. 
None of the coils passed out of the stump or refluxed up the aorta. 
After the coils were lodged in the stump, multiple 5-mm gelatin- 
sponge pledgets were deposited into the tangle of coils. After 20 min, 
complete thrombosis of the infrarenal aorta was shown (Fig. 1C). A 
second color Doppler sonogram showed clot filling the large cavity 
with no residual flow. 

The patient tolerated the embolization well. Renal function did not 
deteriorate nor was there any further drop in hematocrit. 

A second angiogram 90 days after the embolization showed per- 
sistent thrombosis of the distal aorta without extravasation. The 
patient remains in stable condition with no evidence of bleeding 150 
days after embolization and has not required further vascular surgery. 


Discussion 


Infection of the distal abdominal aorta or infectior of an 
aortic graft usually requires creation of an abdomina aortic 
stump, because placement of a new graft across an infected 
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Fig. 1.—A, CT scan of lower abdomen without IV contrast material, obtained after episode of hypotension, shows large blood collection in periaortic 
retroperitoneum. 
B, Lateral digital subtraction aortogram shows aortic stump rupture with active extravasation 4 cm inferior to renal arteries. Delayed films showed 
communication of blood into a larger inferior collection. 
C, Anterioposterior aortogram after embolization of distal aortic stump with coils. 


aortic bed usually will result in recurrent graft infection [3]. 
The aortic stump is formed by oversewing the abdominal 
aorta distal to the renal arteries, hopefully in an area of 
uninfected aorta. An extraanatomic bypass graft, such as an 
axillo-bifemoral graft, must be performed to maintain perfu- 
sion of the lower extremities. 

Aortic stumps are known to rupture, probably because of 
infection of the stump site or poor nutrition and healing. 
Rupture of the aortic stump has a high mortality rate because 
the surgeon often has insufficient uninfected aorta distal to 
the renal arteries to effect successful repair [4]. Death is 
usually due to uncontrollable hemorrhage into the retroperi- 
toneum, peritoneal cavity, or gastrointestinal tract [1, 2]. 

In our case, rupture of the aortic stump fortunately was 
contained within the retroperitoneum and occurred while the 
patient was still hospitalized. Percutaneous embolization of 
the aortic stump was possible because of the preexisting 
axillo-bifemoral graft and because the infrarenal aorta was a 
blind-ending stump supplying no organ of significance. Al- 
though there was no risk of peripheral embolization from the 
aortic stump, there was a risk of reflux of embolic material 
proximally into the renal or mesenteric circulation because of 
swirling blood flow in the aortic stump. It was fortunate that 
there was a sufficient length of the infrarenal aorta to allow 
distal aortic embolization without occluding renal or mesen- 
teric blood supply. 

Gianturco coils were used for embolization because they 
are easy to introduce and it was thought they would be 
effective in occluding the large opening in the distal aorta. 
After the coils were lodged in the distal aorta, it was necessary 


to instill gelatin-sponge pledgets into the coils to achieve 
thrombosis. Occlusion by coils is thought to be permanent 
[5]. Complications of embolization include ischemia of the 
renal, mesenteric, or femoral arteries and paraplegia [6, 7], 
none of which occurred in our patient. 

This is the first report of transcatheter embolization of a 
ruptured aortic stump. It is uncertain if occlusion from our 
coils will be permanent in this patient. Nevertheless, it seems 
that in selected patients. percutaneous embolization may be 
an alternative to surgery for acute aortic stump rupture, 
provided that femoral blood flow can be preserved otherwise. 
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Technical Note 





Simple Technique for Redirecting Malpositioned Central 


Venous Catheters 


Michael P. Recht, "° Dana R. Burke,' Steven G. Meranze,' and Constantin Cope’ 


Central venous catheterization by using the infraclavicular 
subclavian vein approach is a standard method of monitoring 
central venous pressure, administering hyperalimentation, 
maintaining venous access when there is a lack of peripheral 
veins, and administering irritating solutions such as antibiotics 
or chemotherapeutic agents. Unfortunately, the infraclavicular 
approach has a significant rate of complication. A frequent 
problem is malpositioning of the catheter tip, which occurs in 
11-19% of cases [1, 2]. Several techniques for redirecting 
the catheter tip into the superior vena cava have been de- 
scribed [3, 4]. However, in certain circumstances, such as an 
inadvertent direct internal jugular puncture or a very central 
subclavian vein puncture, these maneuvers are often unsuc- 
cessful, necessitating repuncture of the subclavian vein. In 21 
recent cases of direct internal jugular punctures, we have 
successfully used a Simmons catheter, reshaped with the 
suture technique [5], to reposition the central line into the 
superior vena cava, obviating repuncture of the subclavian 
vein. 


Materials and Methods 


Between April 1987 and December 1988, 21 patients oresented 
to the angiography/interventional radiology section with central ve- 
nous catheters directly inserted into the internal jugular vein. Eleven 
catheters were in the right internal jugular vein, and 10 were in the 
left internal jugular vein (Fig. 1). All 21 catheters were repositioned 
by using the following technique. 
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The catheter is removed over a 0.038-in. (0.97 mm) guidewire. A 
9.5-French Simmons 1 catheter (Cook, Bloomington, IN) is then 
inserted and reshaped within the jugular vein by using the technique 
described by Cope (Fig. 2) [5]. In this technique (Fig. 3), the free end 
of a standard 75-cm length of tough braided surgical plastic suture 
(4.0 Tevdek, Deknatel, Queens Village, NY) is threaded througn the 
tip of the Simmons catheter for approximately 3 cm. The catheter 
with the preloaded suture is then threaded over the guidewire into 
the vein. Under fluoroscopic guidance, the guidewire is then retracted 
until only the floppy tip protrudes from the catheter. The trailing end 
of the suture is then gently pulled, causing the sidewinder shade to 
be re-formed. The guidewire is then removed from the catheter, 
freeing the suture and allowing it to be extracted from the vein. Once 
re-formed, the Simmons catheter is pulled down into the superior 
vena cava and exchanged over a guidewire for a central venous 
catheter (Fig. 4). 

In all 21 cases, the central venous catheter tip was repositioned 
successfully in the superior vena cava by using this method. There 
were no failures, and no morbidity was associated with the procedure. 


Discussion 


The shepherd’s crook curve of the Simmons catheter is 
well suited to redirecting catheters from the internal jugular 
vein to the superior vena cava. However, the potential diffi- 
culty of re-forming the Simmons shape in the internal jugular 
vein prevented its use for this function. The Simmons catheter 
can easily, quickly, and safely be reshaped in the internal 
jugular vein by using the suture technique. 
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Fig. 3.—A, Simmons catheter preloaded with Tevdek suture advanced 
over guidewire into jugular vein. 

B, Guidewire withdrawn so that only its floppy tip protrudes from cath- 
eter. 

C and D, Tension applied to suture, causing sidewinder shape to be re- 
formed. 


Damage to the vein wall by the suture while reshaping the 
catheter is unlikely because very little tension needs to be 
developed. Another potential problem occurs.when the suture 
slips and fails to reshape the catheter; this can be remedied 
by making a small knot on the end of the suture to improve 
the friction fit. 

In our earlier cases, several techniques, such as buckling 
soft-tip guidewires, use of torqueable guidewires or cobra 
catheters, or turning the end of the catheter with a tip- 
deflecting wire, were tried unsuccessfully before we used the 
suture technique with the Simmons catheter. Because the 
other techniques require that the catheter be withdrawn al- 
most to the puncture site before redirection is attempted, loss 


Fig. 1.—Injection of central venous catheter 
reveals direct internal jugular vein puncture. 


Fig. 2.—Simmons catheter being reshaped in 
internal jugular vein by gentle traction on suture 
(arrow indicates tip of catheter). 





Fig. 4.—Simmons catheter being used to redirect the guidewire into left 
innominate vein. 


of access as well as procedure failure is not infrequent, 
particularly in cases of direct jugular puncture. Also, torque- 
able wires and deflecting wires are relatively rigid, with more 
potential for vascular damage than floppy-tipped wires. 

Once we became convinced of the efficacy of the suture 
technique, we used it primarily in cases of direct internal 
jugular or central subclavian punctures, resulting in significant 
decreases in time and equipment expenditure. 
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Estimated Fetal Radiation Dose 
from Multislice CT Studies 





It is often necessary to estimate the dose of radiation to a fetus from a series of CT 
scans. To assist in making this process easier and more accurate, we measured fetal 
doses in an adult anthropomorphic phantom for four CT scanners: Picker 1200, Siemens 
DRH, GE 9800, and GE 8800. Measurements were made at four kilovoltages (100, 120, 
130, and 140 kVp), for 2-, 5-, 8-, and 10-mm thicknesses, for two scanning angles (360° 
and 398°) and for two patient orientations (prone and supine). The fetal-dose estimates 
are based on the CT dose index measured by using a pencil ionization chamber at the 
center position of a 16-cm-diameter cylindrical phantom. Comparison with data from 
other investigators shows reasonable agreement when phantom differences, X-ray tube 
output, and equipment calibration are considered. 

The data presented here can be used to estimate fetal dose to within +15% of the 
measured value for scans up to 40 cm from the fetus. 
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It is often desirable to estimate the dose of radiation absorbed by a fetus as a 
result of diagnostic radiographic procedures. This can be accomplished for con- 
ventional diagnostic radiographic examinations by using published tables based on 
calculations or experimental data [1-5]. Similar data have recently become available 
for CT scans [6-8]. (One scan, often called a slice, is a single data acquisition that 
results in one CT image.) We present data that expand the applicability of tetal- 
dose calculations to scanners from several different manufacturers and base our 
data on the measured CT dose index (CTDI) [9]. 

Fearon and Vucich [7] used a similar approach with a pediatric anthropomorphic 
phantom. Wagner et al. [6] measured data to an offset scan distance of 12.5 cm 
from the fetus (data were extrapolated for distances beyond this), used a ncnan- 
thropomorphic phantom, and normalized to the X-ray tube current and expcsure 
time. The Monte Carlo calculations by Drexler et al. [8] require that the absorbed 
dose be measured in air at the scan isocenter. Detector X-ray flux limitations 
prevented this measurement on two CT scanners used in this study. 

The major goal of this study was to determine the fetal dose from individual CT 
scans at various distances from the fetus, to normalize these values to the CTDI, 
and to verify that this information can be used to estimate fetal-absorbed Jose 
resulting from multiscan CT studies. It must be stressed that for this approach to 
provide accurate fetal-dose measurements, the CTDI must be measured for sach 
scanner and operating condition, allowing for correction for variation in X-ray tube 
output, equipment calibration, and scan thickness. 


Materials and Methods 


The normalized fetal-dose ratio (NFDR), defined as the measured fetal-dose contribution 
from a single CT scan divided by the CTDI measured with the same scanning parameters, 
was determined at various distances from the fetus. The NFDR in the scanning plane 
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Fetal location 





2 


containing the fetus as well as in offset scans located 1 cm to 50 cm 
from the fetus was measured in an adult humanoid phantom. The 
NFDR was determined by using various kilovoltage settings, scan 
thicknesses, scanning angles, patient orientations, and four scanners 
from three different manufacturers (Picker International 1200, Sie- 
mens DRH, General Electric 9800, and General Electric 8800). The 
NFDRs for all scans were then summed to provide an integral NFDR 
(INFDR). Fetal-dose estimates were determined by using the derived 
INFDR values and the measured CTDI and compared with measured 
doses and with published doses for several CT studies. 


Normalized Fetal Dose Ratio 


The reference CTDI was measured in the center position of a 16- 
cm-diameter acrylic cylindrical dose phantom by using an MDH model 
1015 electrometer with a model 10X5-10.3, 10-cm-long (3 cm’) pencil 
ionization chamber (MDH Industries, Monrovia, CA). The phantom 
was centered in the CT scanner aperture within +1 cm of isocenter. 
The radiation scan thickness (thickness of the radiation beam incident 
in the patient) was measured with radiographic film (Kodak X-Omat 
TL, Rochester, NY). 

An adult humanoid phantom (Rando phantom, Alderson Research 
Laboratories, Stamford, CT) was placed prone on the patient table 
and centered within the scanning field. The location of the fetus was 
assumed to be midway between the anterior surface and the center 
of Rando slice number 32, centered at a depth of 9 cm (Fig. 1) [2]. 
The fetal radiation dose as a result of radiation scattered from a 
single CT scan offset from 1 cm to 50 cm from the fetus was 
measured by replacing the phantom slice number 32 with an acrylic 
slice containing a cutout to center the ionization chamber (MDH 
model 1015 electrometer, with a model 10X5-60, 60 cm® ionization 
chamber) at a depth of 9 cm. This results in an average measurement 
over an area 8.4 cm in diameter, that is, the area of the ionization 
chamber. To calculate fetal dose from a measurement of exposure, 
the exposure-to-dose conversion factor (f) of 36.4 Gy/(C/kg) (0.94 
rad/R) was used. The NFDR is then determined as 


Dose(d) 
CTDI 





NFDR(d) = (1) 


where Dose(q) is the dose measurement at the fetal location produced 
by radiation scattered from a scan located d cm away (Table 1). 

The fetal dose from a single CT scanning plane positioned directly 
over the fetus was measured at different depths. Rando slice number 
32 was replicated by using 10-cm-thick water-equivalent material 
(Radiation Measurements, Inc., Middleton, WI). Holes were drilled on 
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Fig. 1.—Schematic diagram of 
Rando phantom shows level of fetus 
and fetal location within slice #32. 


lonization chamber 
and TLD placement 


Fig. 2.—Diagram of ionization cham- 
ber and thermoluminescent dosimeter 
(TLD) placement relative to water- 
equivalent phantom used to determine 
normalized fetal-dose ratio as a func- 
tion of depth [NFDR(d)] for scans cen- 
tered over fetus (NFDR,). Average 
NFDR, determined for all scanners and 
all kilovoltages investigated (Table 2) 
is shown at each depth. No significant 
difference was found between NFDR, 
measured with posteroanterior (shown) 
and anteroposterior approaches for 
scanning angles evaluated. 


TABLE 1: Normalized Fetal-Dose Ratios for Superior vs Inferior 
Scans 
ARTES SE TS GOS PRR e SF + - CO a FE 


Offset Distance (cm) Pi Noe as 
—6 0.0130 
wa 0.0166 
=s 0.0204 
-3 0.0260 
-2 0.0334 
g 0.0452 

0 0.2600 
+1 0.0458 
+2 0.0338 
+3 0.0265 
bie 0.0206 
+5 0.0167 
+6 0.0136 


L SS See EE Pe aS E E R T E E a E) 

Note.—Normalized fetal-dose ratios determined at a depth of 9 cm for 
individual scans located superior and inferior to the fetus obtained with the 
Picker 1200 scanner at 120 kVp, 360° scanning angle, and 10-mm scan 
thickness. 


a 3-cm grid to accept the CT pencil ionization chamber. Acrylic rods 
were inserted into the empty holes. As the previous measurements 
account for the dose to the fetus from scattered radiation, it was 
necessary to determine the direct radiation exposure at the fetal 
location. Measurements were made at the fetal location and on the 
surface of the phantom with the pencil ionization chamber. In addition, 
eight lithium fluoride thermoluminescent dosimeters (TLDs) were 
placed next to the pencil chamber on the surface of the phantom 
(Fig. 2). Exposure of the surface ionization chamber and TLDs (CT 
scanner technique: 120 kVp, 4.7-mm A1 half-valve layer) was used 
to calibrate the pencil chamber to yield a single-scan dose. The peak 
TLD value was chosen as representative of the single-scan dose 
[10]. The single-scan calibration factor multiplied by the at-depth 
pencil-chamber reading was used to form the NFDR at this location. 
The NFDR from primary radiation is shown in Figure 2 and Table 2 
and entered as the 0-cm-ocation INFDR in Table 3. 

The repeatability of the NFDR measurements was determined by 
comparing measurements made during a 3-year period by three 
different people with at Bast 10 to 12 months between measure- 
ments. These measurements were made with the same model CT 
scanner and the same phantom for scans located 3, 6, 10, 20, 30, 
40, and 50 cm from the fetus. 
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TABLE 2: Normalized Fetal-Dose Ratios as a Function of Depth 














Depth from Anterior NFDR,? 

Surface (cm) Mean + SD 

18 0.45 + 0.027 

15 0.32 + 0.032 

12 0.25 + 0.025 

9 0.25 + 0.020 

6 0.29 + 0.030 

3 0.36 + 0.030 


element E e o oo oy aE E Eee 
Note.—The normalized fetal-dose ratio [NFDR (d)] measured along a vertical 
line at the phantom center (as shown in Fig. 2) for a CT scan centered directly 
over the fetus (NFDRo) is shown. The data were acquired with 360° scans on 
four different CT scanners. 
* Values include data acquired at 100, 120, 130, and 140 kVp. 


NFDR as a Function of Kilovoltage Setting, Scan Thickness, 
Scanning Angle, and Orientation of Patient 


The NFDR for scans located from 0 to 50 cm from the fetus was 
determined on four CT scanners by using clinical techniques and on 
one scanner by using 100, 120, 130, and 140 kVp. The NFDR for 0- 
to 50-cm distances was measured with 2-, 5-, and 10-mm radiation 
scan thicknesses, and also by using 360° and 398° scanning angles. 
The effect of the orientation of the patient on the NFDR for a scan 
centered over the fetus was measured on four CT scanners by 
positioning the phantom in the supine and prone position. The NFDR 
as a function of offset (from 1 to 50 cm) was determined with the 
method of least squares fit (see Appendix). 


X-ray Tube Leakage and Gantry Scatter 


X-ray tube leakage and gantry scatter effects from each scanner 
were determined by inserting 0.5-mm lead-equivalent rubber (approx- 
imately 4% transmission at 120 kVp) between the fetus and the 
scanning plane and then comparing the measured fetal dose with 
measurements taken without the lead rubber. This effect was inves- 
tigated for scans acquired at 6-, 20-, 30-, and 40-cm distances from 
the fetus. In addition, the pelvic portion of the phantom was wrapped 
with a 0.5-mm lead-equivalent apron. A scan was performed with the 
radiation field 40 cm from the fetus in order to estimate the proportion 
of fetal dose due to internal scatter relative to external scatter. 


Integral Normalized Fetal Dose Ratio 


The integral normalized fetal dose ratio (INFDR) is the fetal-dose 
contribution for a group of CT scans. The INFDR (Table 3) was 
calculated from the NFDRs and data in the Appendix assuming 1-cm 
scan thickness and 1-cm table incrementation. 

The INFDR for a specific examination (INFDRe) is determined by a 
combination of the proper INFDR values found in Table 3 


INFDRe = INFDRo + INFDRsuo + INFDR i (2) 


where INFDRo = the NFDR at 0-cm offset distance (from Table 3), if 
the examination included a scan positioned directly over the fetus; 
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TABLE 3: Integral Normalized Fetal-Dose Ratios 
a SS SS = 








. Average of 
ie aa Kilovoltage Data? 
(+SD) 
D 0.255 + 0.0137 
> 0.301 + 0.0137 
2 0.337 + 0.0142 
3 0.365 + 0.0148 
4 0.387 + 0.0154 
5 0.405 + 0.0161 
rs 0.420 + 0.0168 
7 0.431 + 0.0174 
8 0.440 + 0.0179 
9 0.448 + 0.0184 
10 0.453 + 0.0188 
15 0.470 + 0.0203 
20 0.477 + 0.0211 
30 0.480 + 0.0216 
re 0.481 + 0.0217 
50 0.482 + 0.0218 


a ee SE ee ee ee a 
Note.—The integral normalized fetal-dose ratio (INFDR) is the sum of 
individual NFDR(d) located from 0 cm to the offset distance shown, assuming 
1-cm scans at 1-cm incrementation. 
* Average of 100, 120, 130, and 140 kVp from Picker 1200 CT scanner. 


INFDRsup= the INFDR for scan locations superior to the fetal location; 
INFDR,,;= the INFDR for scan locations inferior to the fetal location. 

The INFDRs in the superior and inferior directions are determined 
by the same calculation 


-i= 


INFDRsup or nt = ~ [INFDR(M) — INFDR(N—1)) (3) 


where T = scan radiation thickness (cm); | = incremental distance 
between scan locations (cm); INFDR(M) = the INFDR from Table 3 
at the maximum offset distance M(cm) from the fetal location; 
INFDR(N-1) = the INFDR from Table 3 at the minimum offset distance 
N(cm), minus 1 cm, from the fetal location. 

The INFDR¢ is used to estimate the fetal dose as follows 


Fetal Dose (mGy) = CTDI(mGy) x INFDRe 


where CTDI = the CTDI measurement acquired in the center position 
of the 16-cm-diameter acrylic phantom. Three examples of these 
calculations are given in the Results section. 


Comparison of Calculated, Measured, and Pubiished Fetal Doses 


Measurements were made to determine the CTDI by using the 16- 
cm-diameter acrylic phantom and the pencil ionization chamber on 
five CT scanners. The calculated fetal doses were determined by 
using the techniques described in this article. 

Fetal-dose measurements were made by using the Rando pyan- 
tom, the 60-cm® ionization chamber, and the four CT scanners noted 
earlier plus an EMI 7070 scanner. The acrylic section used to hold 
the ionization chamber for scattered-radiation measurements was 
replaced with slice 32 and TLDs (at 6-, 9-, and 12-cm depth) to 
measure exposure for scans centered over the fetus. 
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The doses calculated with the techniques described in this article 
and the measured fetal doses were compared with those determined 
by using the techniques of Wagner et al. [6] 


Results 


The NFDR values as a function of distance from the fetus 
are given in Table 1 and Figure 3. The NFDRs determined 
superior and inferior to the fetus indicate symmetry for scans 
located within the range investigated. The 0-cm NFDR deter- 
mined as a function of depth is shown in Table 2 and in Figure 
2. The standard deviation associated with the NFDR meas- 
ured at each depth includes variation in X-ray beam quality, 
table attenuation properties, and phantom position reproduc- 
ibility. The repeatability (standard deviation) of the NFDR 
measurements by three people (at three different times) 
ranges from 6% to 13% with an average of 10% for the scan 
locations at 0 to 40 cm from the fetus. At 50-cm offset 
distance, the repeatability is 24%. 

The NFDRs measured at 100, 120, 130, and 140 kVp for 
0- to 50-cm distances are shown in Figure 3. Statistical 
analysis (F-test) showed a statistically significant difference 
between the NFDR measured at 100, 120, 130, and 140 kVp 
(p < .001) and between the NFDR measured at a single 
kilovoltage setting (120 kVp) on different manufacturers’ CT 
scanners (p = .038). 

The NFDR residuals or differences between the measured 
values and the least-squares-fit equations (see Appendix) 


10° 


10°3 


10-4 


Normalized fetal dose ratio 





0 10 20 30 40 50 
Scan offset distance, cm 


Fig. 3.—Normalized fetal-dose ratio vs offset distance. Curves repre- 
sent equations for pooled data (all kilovoltages and scanners). Data points 
represent measured data from four different scanners and four kilovolt- 
ages. (— = 100 kVp, - = 120 kVp, x = 130 kVp, + = 140 kVp.) 
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were determined in two ways. The standard deviation of the 
residuals between the measured data and the four kilovolt- 
age-based equations is 9% (n = 38) for 0 to 40 cm and 13% 
(n = 42) out to 50 cm from the fetal location. The standard 
deviation of residuals between the measured data and the 
one equation pooling all of the data (i.e., pooling all the data 
at different kilovoltages) is 13% (n = 38) out to 40 cm and 
24% (n = 42) out to 50 cm from the fetus. 

A linear relationship was observed between radiation scan 
thickness (2 mm, 5 mm, and 1 cm) and NFDR from scattered 
radiation (evaluated at 6-, 10-, 20-, 30-, and 40-cm distances 
from the fetus). The 0-cm NFDR was independent of radiation 
scan thickness over the 2-10 mm range of slice thicknesses. 
The 0-cm NFDR determined at the 9-cm depth was inde- 
pendent of the scanning angles investigated (860° and 398°). 

The largest difference in 0-cm NFDR determined at a depth 
of 9 cm in the solid-water phantom as a result of prone vs 
supine patient orientation was 5.7% for a 360° scan. Even 
though the difference for offset scan locations was not inves- 
tigated, these fetal-dose contributions are due to internally 
scattered radiation and should be affected less by patient 
geometry. Additionally, the shielding effect of bone on the 0- 
cm fetal-dose measurement (Simulated by placing a vertebral 
body on the exterior of the water-equivalent phantom) pro- 
duced a variation in NFDR of less than 3% for 360° scans. 

The X-ray tube leakage and gantry scatter measurements 
indicated that the maximal components due to X-ray leakage 
and gantry scatter at 6, 20, 30, and 40 cm distances were 
3.4%, 6.4%, 11%, and 13.6%, respectively. The proportion 
of fetal dose due to internal scatter only is estimated to be 
56.4% (at 40 cm). This implies that approximately 30% of the 
fetal dose is due to secondary scattered radiation from within 
the room (at 40 cm). 

Table 3 contains the INFDR data for offset distances of 1 
to 50 cm from the fetus. A comparison of the measured fetal 
dose and the calculated fetal dose based on the measured 
CTDI is shown in Table 4. 

The calculation of fetal dose by using Table 3 is demon- 
strated in the following examples: 


Example 1. An examination was conducted with a CTDI of 
44 mGy and 1-cm CT scans spaced on 1-cm centers, located 
from —5 to 15 cm offset distance. 


INFDRe 


INFDRo + INFDRsup + INFDRiat 


1.0 cm 
é aa — 0. 
0.255 re oo 0.470 — 0.255) 


1.0 cm 
+ Too — 0.255) 


Fetal Dose = CTDI x INFDRe 
= 44 mGy x 0.620 
= 27.3 mGy 


This example shows the situation in which the images are 
centered over the fetus. In order to generalize the formula 
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TABLE 4: Comparison of Measured and Estimated Fetal Dose 
i 





š Measured 
Scanner CTDI? No. of Center Scan Dasi Calculated 
(mGy) Scans Location (cm) Dose” (mGy) 
(mGy) 
DRH* (125 kVp, 310 mAs) 31.4 11 30 0.072 0.066 
EMI 7070 (130 kVp, 255 mAs) 34.8 11 30 0.0995 0.073 
P1200 (130 kVp, 385 mAs) 82.2 11 30 0.206 0.173 
GE 8800 (120 kVp, 608 mAs) 43.3 9 10 3.310 2.650 
GE 9800 (120 kVp, 420 mAs) 62.0 10 0 32.800 32.853 


° CTDI = CT dose index, f = 36.4 Gy/(C/kg) (0.94 rad/R). 
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°” Doses calculated with “Average of Kilovoltage Data” column from Table 3. 


€ 8-mm scan thickness. 


and use Table 3 for all cases, the INFDR_ is determined by 
using Table 3 for the maximal (M) and minimal minus 1 cm 
(N — 1) distances. This form for the fetal-dose equation is 
required because the CTDI and INFDRo, described in the 
methods section, are insensitive to scan thickness and incre- 
mentation and require the scan-thickness-to-incrementation 
ratio to be used in the equation. 


Example 2. An examination was conducted with a CTDI of 
95 mGy and 5-mm CT scans spaced on 20-mm centers, 
located from 10 to 25 cm superior offset distance. 


INFDRe = INFDRo + INFDReup + INFDRias 


0.5 cm 
479 — 0.448) + 0. 
20 E 9 — 0.448) + 0.0 





= 0.0 + 


Fetal Dose = CTDI x INFDRe 
= 95 mGy x 0.0078 
= 0.7 mGy 


Example 3. An examination was conducted with a CTDI of 
62 mGy and 10 10-mm CT scans spaced on 1-cm centers 
centered over the fetus. 


INFDRe = INFDRo + INDFRsup + INFDR'n 


1.0 cm 
= 0.255 + T i — 0.255) 


1.0 cm 
1.0 cm 





(0.405 — 0.255) 


Fetal Dose = CTDI x INFDRe 
= 62 mGy x 0.537 
= 33.3 mGy 


Note that in example 3 it is necessary to shift the location of 
the scans by 5 mm so that one slice is located over the fetus. 
In order to determine the error introduced by this shift, the 
calculation was repeated with 5-mm scans on 5-mm centers, 
but still irradiating the same volume. An error of less than 2% 
results, indicating that the shift technique introduces minimal 
error. 

The INFDR data have been confirmed on five different CT 
scanners. Table 4 indicates that the measured fetal doses 
and the fetal doses calculated with our technique agree to 
within +15%. Using the technique of Wagner et al. [6], we 
calculated a fetal-dose estimate of 35-53 mGy for a 10-slice 


GE 9800 scan centered over the fetus and acquired at 120 
kVp, 420 mAs. This compares with the measured value 22.8 
mGy and our estimate of 32.9 mGy (Table 4). This difference 
is expected, because Wagner et al. [6] used a nonanthrcpo- 
morphic phantom and referenced their data to the X-ray tube 
Current and exposure time product, instead of the measured 
CTDI. 


Discussion 


The reference CTDI measurement in the center of a 16-cm- 
diameter acrylic phantom was chosen over a surface meas- 
urement because the center measurement is relatively insen- 
sitive to phantom-positioning error within the scanner aper- 
ture. No variation in measured center CTDI was seen in any 
of the four systems investigated when the phantom was 
positioned within +1 cm of isocenter, and less than 5% 
variation was found with a vertical displacement of 3 cm. 
Although the 16-cm-diameter phantom is not routinely used 
for body CT dosimetry, it was chosen because of its conven- 
ient size and routine availability. 

The reference CTDI and scan-thickness measurements are 
required for the estimation of fetal dose. Errors in these 
measurements propagate directly into the estimated fetal- 
dose value. The depth of the fetus can be verified with the 
CT images or sonography, and the data in Table 2 can be 
used to adjust the INFDR in Table 3 for the appropriate depth, 
if necessary. 

Although a statistical difference has been shown between 
NFDR acquired at several different kilovoltage settings on 
one scanner and between NFDR acquired at the same setting 
on several different scanners, these differences are probably 
not of clinical significance. Use of one data set (the average 
of 100, 120, 130, and 140 kVp for the Picker 1200 scanner) 
for calculations will result in a maximal error in the calculated 
dose of 8%, as compared with use of a specific kilovolttage 
data set for the calculations. Furthermore, the repeatability 
(one standard deviation) of the NFDR measurements has 
been shown to be 10% (out to 40 cm) for the same kilovoltage 
setting and same CT scanner. Therefore, the standard devia- 
tion of the residuals of 9% and 13% may be more closely 
associated with experimental error than with actual kilovol- 
tage differences. If this is true, then one set of (pooled) values 
can be used, disregarding kilovoltage setting for the deter- 
mination of fetal dose. In any case, the 10% repeatability is 
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the limiting factor indicating that the differences due to kilo- 
voltage setting and scanner type may be statistically signifi- 
cant but, in reality, are of little importance in calculation of the 
fetal dose with this method. 

Radiation output can change by more than 30% over the 
life of an X-ray tube. This, coupled with a 1-mm or 2-mm 
variance in radiation scan thickness could cause a 40% or 
50% error in the estimated fetal dose. The reference CTDI 
and radiation-scan-thickness measurement allow the variation 
in X-ray tube output, equipment calibration, scanning angle, 
and radiation scan thickness to be accounted for in order to 
determine fetal dose accurately. The data in Table 3 then can 
be used for fetal-dose determination on other third- and 
fourth-generation CT scanners. The use of these data for 
examinations that use scanning angles or radiation scan 
thicknesses different from those investigated may result in 
significant error in the fetal-dose estimate. 

The data resulting from this study allowed the calculation 
of the radiation dose to the fetus from CT scans with a 
precision of about +15% (out to 40 cm). To include the effect 
that variation in patient size and body contour has on fetal 
dose, an error of +20% is estimated when these data are 
used in clinical applications. It should be stressed that the 
contribution to fetal dose for CT scans 30 cm or more from 
the fetus should be of little concern because of the low dose 
received, for example, 0.0064, 0.0021, 0.001 mGy (0.64, 
0.21, 0.10 mrad) for scans at 30, 40, and 50 cm, respectively, 
with a CTDI of 50 mGy (see also Table 4). Consequently, 
these data indicate that clinically required CT scans of the 
head can be obtained with little or no risk to the fetus. In 
addition, prudent use of clinically indicated body CT scans 
can be considered during pregnancy because the fetal dose 
can be calculated before ordering such scans. The needs of 
the patient and the fetal dose can now be considered by the 
radiologist and referring physician in determining which ex- 
amination(s) may provide the greatest benefit to the patient 
with the least risk to the fetus. 
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Appendix 


Individual CT scan NFDR equations: 


NFDA(d) = exp(a + bd + cd?) 


where NFDR(d) = normalized fetal dose ratio and d = offset 
distance (cm) from fetus. 


Curve Fit Values 





Kilovoltage a b Cc 
100 —2.807 —0.2599 0.001860 
120 —2.900 —0.2401 0.001594 
130 —2.827 —0.2424 0.001674 
140 —2.843 —0.2379 0.001621 
All data —2.842 —0.2506 0.001859 





Sample NFDR(d) Calculations 


Offset Distance, d (cm) Individual Scan NFDR(q) 





(all data) 

9 0.01745 
10 0.00573 
20 0.00082 
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The Society of Uroradiology: 
Abstracts from 1989 Meeting 





The Society of Uroradiology met in Naples, 
Florida, September 23-24, 1989. The following 
abstracts were presented at the meeting. 


Contents 
An interactive computer-based tutorial for 
teaching uroradiology. Amis ES, Esser PD, 
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An Interactive Computer-Based Tutorial for 


Teaching Uroradiology: Amis ES, Esser PD, 
Hovsepian DM, Starren JB, Alderson PO (Columbia- 


Presbyterian Medical Center, New York, NY 10032) 


Computer-aided instruction has become an 
increasingly popular complement to the traditional 
methods of teaching. Since the format is non- 
linear, the student is no longer confined to a 
defined path and may search through related 
materials as interest warrants. We have con- 
structed such a tutorial for teaching uro- 
radiology. The system uses a Macintosh II (Apple) 
with dual monitors and software based on the 
Hypercard program developed by Apple. Currently, 
learning modules include anatomy, embryology and 
congenital anomalies. A data base of approxi- 
mately 40 digitized radiographs (1024 x 1024) 
Supplements an equal number of line-illustrations 
and an appropriate amount of text. With expansion 
to include modules for urologic disease, the data 
base should increase to include several hundred 
illustrations and radiographs. 
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Each module is constructed to maximize inter- 
action between the student and the presented 
material. The textual information is layered so 
that it remains hidden until the student wishes to 
learn more. Help files and quick access to course 
maps allow for easy navigation through each 
module, precluding the need for any previous 
computer experience. 

A current goal is for this tutorial to be 
added to the growing list of diverse programs 
which may be shared within the medical education 
community. 


Can the Post Void Film be Deleted From Urography?: 
Kenney PJ, Schwartzberg MS, Han SY, Stanley RJ, 
Tishler JMA, Koehler RE, Daniel WW (Univ. of 
Alabama, Birmingham, AL 35233) 


The post-void film (PVF) has been considered 
an important component of an intravenous urogram 
to evaluate for urinary retention. Recent 
literature has questioned its need especially in 
light of cost-effectiveness. We examined the 
hypothesis that a scout film obtained immediately 


after voiding can determine whether a PVF should 
be performed. Six experienced radiologists 
prospectively read 115 consecutive routine 
intravenous urograms. Patients were neither 


selected nor excluded based on presence or absence 
of voiding symptoms. Bladder volumes were 
calculated on both scout and conventional PVF's 
from two peig ra on the AP film (volume = 0.3 


(width) (height) Subjective impressions 
(normal, at or large residual) were also 
collected and independently correlated with 
calculated volumes. The volumes calculated from 


scout and PVF were within 25 ml in 62% of cases. 
The bladder appeared large (>75ml) on the scout 
film in 31 cases; and in 10, the bladder was 
normal. In 21, the PVF confirmed inability to 
empty, but added no information. Of the 73 other 
cases, PV films did not significantly alter the 
radiographic impression. Therefore, for patients 
with a post-void bladder volume estimated from the 
scout film as insignificant, a PVF is unnecessary. 
If the scout shows large volume, PVF should be 
done, since some of these patients will be able to 
void normally. 


Renal Calculi: 
Hattery RR, 
Hartman GW, 


Role of Ultrasound: Vrtiska TJ, 
King BF, Smith Williamson B, 
Brakke DM (Mayo Clinic, Rochester, MN 


55905) 

This work consists of evaluation of a popula- 
tion of patients being followed for renal stone 
disease. Patients with stone disease routinely 
have baseline laboratory and imaging studies and 
periodic follow-up examinations which include a 


KUB with plain tomograms. KUB with tomograms in 
our setting is the standard imaging examination to 
determine: 1) presence or absence of stones; 2) 
size, number, density and location of stones; 3) 
change in stone disease over time. These patients 
had standard KUB with tomograms, as well as renal 
ultrasound. Renal ultrasound was performed and 
interpreted prospectively without the knowledge of 
the findings on the KUB with tomograms. Both 
studies (KUB with tomograms and ultrasound) were 
compared and analyzed retrospectively. 


The initial group consists of 32 selected 
patients with stone disease and ten normal 
patients. Stone analysis was available in 20 


patients and consisted of 12 patients with calcium 
oxalate, three with magnesium ammonium phosphate, 
two with cystine and three with uric acid stones. 
Significant findings were seen in several patients 
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on ultrasound in addition to the findings related 
to the presence of stones. These occult abnor- 
malities consisted of obstructive hydronephrosis 
due to a distal ureteral stone, segmental caliec- 
tasis due to infundibular obstruction, pyonephro- 
sis, post-ESWL perinephric hematoma and chole- 
lithiasis. Ultrasound was also helpful in 
detecting faintly opaque stones and in evaluating 
an especially thin patient with scoliosis ina 
patient with pelvic kidney and in several elderly 
patients who had difficulty with breath holding. 

The following ultrasound "pitfalls" were 
encountered: detection of stones in the presence 
of collecting system gas and stents, echogenic 
pyramids without nephrocalcinosis, shadowing from 
renal sinus fibrosis and non-shadowing interfaces 
due to vessels, fornices, pericalyceal fat and 
possibly Randall's plaques. 

Several major issues regarding ultrasound will 
be the focus of continuation of this study. These 
consist of evaluating "non-shadowing" interfaces, 
determining and false-negative/false-positive and 
specificity/sensitivity and assessing the repro- 
ducibility of findings with follow up exams. 


Extracorporeal Shockwave Lithotripsy with Electro- 
magnetic Acoustic Device - Lithostar* - Results in 


Over 250 Patients: McClennan BL, Clayman RV, 
Denstedt J (Mallinckrodt Institute of Radiology, 
St. Louis, MO 63110) 


The Lithostar (Siemens) was the first litho- 
tripter to use an electromagnetic acoustic source 
(EMAS) for production of shockwaves integrated 
into a multipurpose uroradiologic table elimina- 
ting the requirement for a waterbath. The 
experience with 266 pts treated between 12/86 
-11/87 with 298 treatments will be presented. The 
majority of pts (95%) were treated on an out-pt 
basis using only i.v. sedation and/or transcutan- 
eous electrical nerve stimulation. Three-month 
follow up abdominal radiographs were available for 
review on 122 pts. The average treatment time was 
104 min. with an average of 3,600 shockwaves 
delivered. Initial fragmentation occurred in 89% 
of pts. The stone-free rate at 3 mo. was 70%, the 
incidence of retreatment was 7% and the need for 
post-shockwave lithotripsy auxiliary procedures 
was 16% and depended on stone size and location. 
Hematuria occurred in 71% of pts and 1 case of 
perirenal hematoma was noted. No pt required open 
surgery or blood transfusion. Follow-up radio- 
graphy included plain abdominal radiographs, 
oblique views and tomograms when necessary. An 
"effectiveness quotient" is introduced: % stone 
free / primary treatment + % retreatment rate + $ 
aux. procedure rate. This formula is used to 
compare the performance of a variety of litho- 
tripters for a given set of conditions, i.e. stone 
size, location and composition. From our data, we 
conclude that the effectiveness of Lithostar EMAS 
lithotripter is equivalent or better than other 
second generation lithotripters for all types of 
renal calculi and as effective as the HM-3 
waterbath machine for stones in 1 cm or less 
range. The Lithostar approach to ESWL is effec- 
tive lithotripsy with minimal analgesia require- 
ments and a cost effective out-pt therapy. 


Acute and Chronic Renal Vascular Changes ina 
Rabbit Model of Renal ESWL: Fajardo LL, Hillman 


BJ, Donovan JM, Weber C, Moran ME, Drach GW (Univ. 
Medical Center, Tucson, AZ 85724) 


Concerns about the safety of ESWL include the 
risk of vascular damage and the genesis of hyper- 
tension. We performed ESWL on the right kidneys 
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of 14 rabbits using a Dornier XL-1 experimental 
lithotriptor. The left kidney of each animal 
served as a _ control. Six rabbits immediately 
underwent in vivo renal microangiography with a 
barium-gelatin mixture. Five hundred micro 
sections of experimental and control kidneys were 
contact-radicgraphed on high resolution plates (30 
kV, 2.5 mA, 30 minutes), which were examined by 
light microscopy. The other eight rabbits 
underwent the same procedure three months 
following liithotripsy. Among the acute phase 
animals, all six experimental kidneys showed 
microangiographic changes. These included 
extensive subcapsular and cortical barium extrava- 
sation. Disruption of an arcuate vein was evident 
in one kidney. Visualized foci of hypoperfusion 
are believed related to compression by unopacified 
hemorrhage Or infarction. All experimental 
kidneys from the animals undergoing delayed micro- 
angiography showed focal Scarring. Scarring was 
predominantly peripheral, resulting in crowded 
glomeruli surrounded by avascular regions and 
aberrant microvasculature. In this model, ESWL 
damaged the cortical circulation and resulted in 
persistent deformities of the microvasculature 
that could be responsible for the abnormal 
secretion of renin. 


Percutaneous Nephrostom Procedures in Horseshoe 
Kidneys: Papanicolaou N, Yoder IC, Pfister RC 
(Massachusetts General Hospital, Boston, MA 02214) 


Over a 
percutaneous 
adult 
patient 
bladder 


period of three years we performed 11 
nephrostomy procedures in eight male 
patients with horseshoe kidneys. One 
with bilateral ureteral obstruction from 
neoplasm required bilateral antegrade 
internal ureteral stent placement for drainage. 
Seven patients with stone disease underwent nine 
procedures, including five percutaneous’ tract 
dilatations for percutaneous ultrasonic litho- 
tripsy and four simple nephrostomy tube insertions 
for irrigation following shock wave lithotripsy. 
Ureteral access was sought in seven and 


achieved in six procedures via mid or upper pole 
calyceal approach. The lower pole calyces, 
although a frequent and safe target for percu- 
taneous nephrostomy tube insertions in nonfused 
kidneys, were avoided both because of their 


anteromedial location in horseshoe kidneys and the 
difficulty im instrumenting the anteriorly lccated 
ureter via a lower pole approach. No bleeding nor 
other complication related to the percutaneous 
nephrostomy procedures was encountered, despite 
the alleged presence of multiple renal arteries in 
wany horseshee kidneys. 

Percutaneous uroradiologic procedures in 
horseshoe kidneys appear to be safe and effective. 
The interventionist should be aware of the 
technical modifications applied to these kidneys. 


Renal Ablation by Retrograde Intrarenal Reflux of 
Ethanol: David RD, Layfield LJ, Fuchs GJ, 
Barbaric ZL (Univ. of California, Los Angeles, CA 
90024-1721) 


The purpose of this study was to evaluate the 


feasibility of accomplishing renal ablation by 
retrograde instillation of ethanol intc the 
collecting system under pressure. Traditicnally 


ablation has 
embolization. 
renal 
in an 
possible. 

Six minipigs (12 
experiment. The 


been accomplished via transarterial 
In some instances, such as severe 
artery stenosis or upper moiety obstruction 
infant, this may not be technically 


were used in the 
was catheterized under 


kidneys) 
ureter 
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cystoscopic 
fluoroscopy. 
balloon 


control, general anesthesia and 

Over a guide wire, an 8F occlusive 
catheter was inserted into the ureter 
Creating acute ureteral obstruction for 30 
Minutes. Thereafter, the urine in the upper 
System was replaced with 98% ethanol using an open 
manometer at 50 cm of ethanol pressure for 30 min. 
The catheter was then removed. 


The Pigs tolerated the procedure without 
difficulty. The procedure was repeated on the 
opposite kidney prior to sacrifice. Excretory 
urograms were obtained after the procedure. The 
kidneys were subjected to pathohistological 


examinations ranging from one hour to six months 
after treatment. 

The results ranged from total ablation to 
focal areas of scarring in the long-term kidneys, 
and areas of hemorrhagic necrosis in acute 
kidneys. It is possible to accomplish total 
ablation with the regimen described above, 
although further work is necessary to further 
refine the protocol. 


Thermic Ablation of 
Castaneda F (Univ. 
Minneapolis, MN 55455) 


Prostate: Castaneda WR, 
of Minnesota Medical School, 


Thermal ablation 
performed in ten dogs. 
approach was utilized 
catheter. The 


of the central prostate was 
A retrograde transurethral 

using a 20 mm balloon 
balloon was inflated above the 
external sphincter, dilating the entire prostatic 
urethra and bladder neck. Fluid within the 
balloon was then heated using either a bipolar 
radiofrequency probe or circulating heated fluid. 
The temperature and duration of thermal ablation 


were variable. Multiple temperature probes were 
placed within the prostate and in the urethra to 
monitor the thermal effect. Baseline and follow- 
up retrograde urethrograms were obtained. The 
animals were sacrificed immediately, and the 
bladder, prostate gland and external sphincter 
were removed. The gross pathological changes 
included periurethral necrosis and peripheral 


hemorrhage and 
the temperature 


edema. These changes depended on 
and length of the thermal injury 


and decreased toward the periphery. Histologic 
changes included complete destruction of the 
urethral epithelium and moderate degree of 
necrosis of prostatic tissue. The subacute and 
chronic changes of this treatment are being 
investigated and will be presented. If experi- 


mental thermal ablation of the central prostate 
proves to be successful, it may be an alternative 
means of non-surgical treatment cf patients with 
prostatic hypertrophy, particularly those with 
median bar prominence. 


Renal Abscess Drainage: Experience in Thirty 


Patients: Cronan JJ, Deyoe L, Dorfman GS, 
Lambiase R, Paolella LP, Haas RA (Rhode Island 
Hospital, Providence, RI 02902) 

Thirty patients, 16 women and 14 men ranging 
in age from 5-83 years, with renal and perirenal 
abscesses underwent percutaneous drainage. Fever 
> 101°F, flank or abdominal pain, and leukocytosis 
were the most common presenting symptoms with 93% 
having at least one and 83% having at least two of 
these symptoms. Recent surgery and/or immuno- 
Suppression was identified in 21 of 30 patients. 
Ten of the 14 post-operative patients had surgical 
procedures involving the urinary tract. The 
radiographic diagnosis was made by US, CT, or both 
in 87% of the patients. Abscess size ranged from 
4cc-650cc and all were drained via CT or fluoro- 
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scopic guidance. The type of the tube used varied 
according to the size of the abscess. 

Percutaneous drainage alone was curative in 20 
(66%) patients determined by resolution of 
symptoms or follow-up CT. Seven (23%) had 
improvement of symptoms but required surgery to 
remove tumor (2 patients), poorly or non- 
functioning kidney (4 patients), or a loculated 


abscess (1 case), all with eventual cure. Three 
patients (10%) with multiple medical problems 
expired before resolution could be documented, 


although death was not felt to be directly related 
to failure of therapy. All patients were treated 
initially in the hospital but 12 (40%) had their 
tube managed as an out-patient without complica- 
tions (2-50 days). 

Percutaneous drainage alone most often 
produces cure but occasionally adjunctive surgery 
is required for resolution of the abscess. A 
significant number of patients can have their tube 
managed safely on an out-patient basis. 


Retrograde Dilatation 
Castaneda F (Univ. 
Minneapolis, MN 55455) 


Prostate: Castaneda WR, 
of Minnesota Medical School, 


We have currently undertaken a clinical trial 
of prostatic urethroplasty with balloon catheters 
in a series of 150 patients with prostatism. All 
were candidates for TURP. A thorough pre- and 
post-procedure evaluation has been completed to 
assess the results and effectiveness of the 
procedure. The procedure is done on an outpatient 
basis, under topical anesthesia aided by mild 
intravenous sedation. The morbidity is minimal. 
The procedure is simple to perform, but a few 
guidelines have to be followed. This procedure 
has much greater patient acceptance and could be 
performed on almost any patient regardless of 


medical condition. The preliminary results are 
very encouraging, especially in patients with 
predominant lateral lobe hypertrophy. Tn this 
group, the success rate is 175%. All of these 
patients have been followed for longer than six 


months, with the longest follow-up being more than 
three years. The success rate drops to approxi- 
mately 25% in the patients with predominant middle 


lobe enlargement. This is probably due to the 
ball-valve effect that this hypertrophied median 
lobe exerts over the bladder neck. No adverse 
effects, such as retrograde ejaculation, 


incontinence or impotence, have occurred. 


Percutaneous Biops of 
Indications and Follow-up: Ridlen M, Cronan JJ, 
Dorfman GS, Paolella LP, Esparza A (Rhode Island 
Hospital, Providence, RI 02902) 


Malignant Renal Masses: 


Percutaneous biopsy of mass lesions in many 


body areas has become a safe, accurate method for 
establishing a pathologic diagnosis. However, 
reports have suggested that this is a less safe 


procedure for renal masses because of possible 
tract seeding at the biopsy site. We reviewed the 


medical records of 36 patients who had percu- 
taneous biopsy of solid renal masses since 1982. 
Indications for percutaneous biopsy included 


work-up prior 
equivocal CT 
disseminated 


to a renal embolization procedure, 
findings and inoperability due to 
metastatic disease. A tissue 
diagnosis of renal malignancy was established in 
each case. Thirty-three of 36 patients were 
proven to have renal cell carcinoma and the other 
three, all of whom were pediatric patients, had 
Wilm’s tumors. Clinical follow-up on these 
patients now ranges from 18 months to five years. 
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Utilizing the 
not been 


skinny needle technique, there has 
a single case of local recurrence along 


the biopsy tract. In addition, there were no 
serious complications resulting from the biopsy 
procedure itself, even though many of these 


patients were poor candidates for an open surgical 
procedure. Percutaneous biopsy resulted in a 79% 
reduction in charges when compared to the cost of 
an open procedure ($685 vs $4,805). Skinny needle 


biopsy of solid renal masses is a safe, accurate 
and cost effective procedure in the proper 
setting. 

Advances in Retrograde Ureteral Stent Placement: 


Mitty HA, Dan SJ, Train JS (Mt. Sinai School of 
Medicine, New York, NY 10029) 


Retrograde ureteral stent placement has tradi- 
tionally been a solo cystoscopic procedure. The 
failure rate in patients with ureteral obstruction 
due to tumor has been in the range of 30-40%. 
Increasingly, the radiologist has a role to play 
either as a participant during the cystoscopic 
approach or as the principal operator, obviating 
the need for cystoscopy during retrograde fluoro- 
scopic stent replacement. 

Interventional radiologic technology can 
transform a difficult or failing cystoscopic stent 
placement into a short, less traumatic procedures. 
In particular, introducing newer guide wires such 
as the "super stiff" and "glidewire" in conjunc- 
tion with open ended catheters into the cysto- 
scopic suite can make traversing even the most 
tortuous ureters quite routine. 

Antegrade stent sets such as the 8F and 10F 
Percuflex (Medi-Tech, Watertown, MA) may also be 
used in a retrograde manner. We have used this 
device in 23 patients in a retrograde manner via 
the cystoscope cr to replace a pre-existing stent 
per urethra using fluoroscopy. The distal end of 
a ureteral stent can be grasped under fluoroscopic 
guidance and brought out through a urethral 
catheter. A standard guide wire exchange 
technique is used to insert the new stent. 


Upper Pole Hydronephrosis in Infants: 
Lebowitz RL 
02115) 


Winters WD, 
(The Children’s Hospital, Boston, MA 


To discover the impact of new imaging modal- 
ities on the diagnosis and treatment of infants 
with hydronephrosis of the upper pole of a duplex 
collecting system, we reviewed the records and 
imaging studies of 40 such patients seen between 
6/82 - 4/89. Nineteen (48%) had an ectopic 
ureterocele. Thirty-three (83%) were girls. 
Thirty-three (83%) had an abnormal prenatal 
sonogram, but that the hydronephrosis was of an 
upper pole was recognized in only one third, and 
only 1 ureterocele was seen. Postnatal sonography 
was performed in 30 (75%). It modified the 
diagnosis in 21 (70%), and 10 additional uretero- 
celes were discovered. Thirteen infants with an 
abnormal prenatal sonogram were placed on pro- 
phylactic antibiotics and none developed urinary 
infection. Ten infants presented with urinary 
infection. Five had prenatal sonography, and none 
had received prophylactic antibiotics. Voiding 
cystourethrography was performed in all 40, 46% 
had reflux, and 7 additional ureteroceles were 
seen. All 40 had excretory urography. There was 
no opacification of the upper pole in 63%. 
Nonfunction was confirmed by scintigraphy in all 
but one. Thirty six (91%) underwent upper pole 
nephrectomy or upper-to-lower ureteroureterostomy. 
Of the 8 who also had decompression of the 


AJR:154, January 1990 


ureterocele from above, only 3 had later surgery 
on the bladder. We conclude that: 1) prenatal 
sonography was usually nonspecific for upper pole 
hydronephrosis, 2) postnatal sonography modified 
prenatal diagnosis in most cases, 3) voiding 
cystourethrography was the most sensitive modality 
for detecting both a ureterocele and reflux, 4) 
excretory urography was very accurate, 5) after 
prenatal detection of hydronephrosis, prophylactic 
antibiotics should be instituted soon after 
delivery and, 6) most surgery was on the upper 
rather than the lower urinary tract. 


Improvin the Specificit of 
Cronan JJ, Scola FH (Rhode 
Providence, RI 02902) 


Hydronephrosis: 
Island Hospital, 


Ultrasound has consistently demonstrated a 
high degree of sensitivity in evaluating kidneys 
for the presence of renal obstruction. The bench 
mark used for obstruction has been hydronephrosis. 
Hydronephrosis, however, can be present without 
dilatation. This has resulted in false positive 
rates up to 25%. Over the course of the last two 
years, we have utilized numerous techniques to 
improve the specificity of the finding of grade 1 
hydronephrosis. True grade 1 hydronephrosis has 
proven consistently to be an important finding in 
some patients but has often led often to employ- 
ment of numerous more invasive techniques to 
determine if obstruction is present. Employment 
of Baysian analysis and Doppler ultrasound has 
proven most useful. Hydronephrosis, when 
evaluated with pulsed Doppler or color flow ultra- 
sound, often proves to be a non-entity. Instead 
"pseudohydronephrosis" is present and the Doppler 
Signal demonstrates that either an artery or vein 
is mimicking hydronephrosis. In our clinical 
practice, we have significantly improved the 
Specificity of ultrasound for evaluating renal 
obstruction by utilizing Doppler. Additionally, 
the significance of grade 1 hydronephrosis should 
be determined by factoring the conditional 
probability of the finding with the prior 
probability of obstruction as determined by the 
clinician. Using decision analysis in a Bayesian 
fashion, grade 1 hydronephrosis is easily handled 
in clinical practice. 


Normal Size of the Adult Kidne by Real Time 
Ultrasound: Cronan JJ, Rosenfield AT (Rhode 
Island Hospital, Providence, RI 02902) 

Renal size by urography is well defined. 
Similar data has not been collected to define the 


range of the adult kidney in 
utilizing real time scanning. 

We assessed 268 adult patients referred to us 
for mnon-urologic ultrasound evaluation. Patients 
were excluded from this series if they héd any 
abnormality of creatinine or BUN, a history of 
diabetes, or any prior history of renal disease or 
Surgery. Three separate longitudinal measurements 
of each kidney were taken during the examination. 
Our data yielded the following results: 

Right side, a mean length of 10.82 cm. 
Minimum length was 7.3 cm. with a maximum of 14.2. 
One standard deviation equals 1.44 cm. Left side 
equals 10.93 cm. in length. Minimum size was 6.5 
cm., and maximum size was 14.7 cm. One standard 
deviation equals 1.16 cm. Only a minimal decrease 
in renal size (R= -.20, p < .001) with ace was 
observed. 

As expected renal length is smaller thar that 
previously reported with urography. Multiple 
factors such as osmotic diuresis (.5-lcem) macnifi- 


supine position 


I.V. in Four Different Nephropathies: 
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cation, and position of the kidney on supine prone 
films could contribute to this discrepancy. The 
minimal decrease in size of the kidney with age 
probably results from fibrolipomatosis maintaining 
Size in spite of an overall decrease of renal 


parenchyma and weight. This theory is consistent 
with prior pathologic series which have demon- 
strated a decreased weight of the kidneys with 
aging yet noting a smaller decrease in length. 


Very little difference existed between the size of 
the right and left kidneys. Using the data 
collected we have constructed a plot of normal 
adult renal size based upon twe standard devia- 
tions from the mean. 


Diatrizoate and Iohexol 
Thomsen HS, 
Golman K, Larsen S, Hemmingsen L, Skaarup P, Holm 
J (Herlev Hospital, Herlev, Denmark) 


Urine Profiles Followin 


The effect of diatrizoate, iohexol and saline 
on urine profiles (albumin, glucose, sodium, and 
the enzymes NAG, GGT, and LDH), serum profiles, 
and kidney histology was studied in male rats with 
normal kidneys, Fanconi’s syndrome (proximal 
tubular dysfunction) induced by sodium maleate 
i.v., vasomotor nephropathy induced by glycerol 
LM: ( rhabdomyolysis), cyclosporin A nephro- 
toxicity (pre- glomerular vasoconstriction), and 
Adriamycin nephrosis (glomerular damage). The 
effect of diatrizoate and iohexol varies from one 
animal model of nephropathy to another. The 
findings in normal kidneys are not reproduced in 
diseased kidneys. Glomerular dysfunction 
(albuminuria) following contrast media may be one 
factor of limited importance for the developnent 


of contrast medium induced nephropathy; tubular 
cell effect may be a dominating factor in this 
entity: Generally iohexol does not seem to be 


less nephrotoxic in rats than diatrizoate. In one 
nephropathy (e.g. Fanconi’s syndrome) it may be an 
advantage to use iohexol, in another (e.g. 
glycerol nephropathy) diatrizoate should be used, 
in a third (e.g. cyclosporin A nephropathy and 
Adriamycin nephrosis) it does not matter which 
type is used. 


Value of Non-Ionic Contrast Medium in Previous 
Reactors. Experience Thus Far: Fischer HW, 
Siegel R (Univ. of Rochester Medical Center, 
Rochester, NY 14642) 


At high risk for a reaction to intravascular 
contrast medium injection are those patients who 
have had a significant reaction to a prior 
contrast injection. Experience thus far sows 
that prior reactors receiving low osmolar, 
non-ionic medium have had a very low incidence of 
reaction, about 4%, much lower than the literature 
leads one to expect with ionic high osmolar media 
(HOCM). None of the reactions have been fatal and 
most have been minimal. 


Selective Fallopian Tube Canalization (SF1C): 


Winfield AC, Moore D, Segars J, Holburn G, Hertert 
C (Vanderbilt Univ. Medical Center, Nashville, TN 
37232-2675) 


Obstruction of the fallopian tube is a common 
and frequently correctable etiology of inferti- 
Lit. Occlusion of the proximal (cornual) end of 


the fallopian tube may be amenable to recanaliza- 
tion using interventional radiologic techniques. 
Via a transcervical approach, a coaxial system of 
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9 French, 5 1/2 French, and 3 French catheters and 
appropriate guide wires may be employed to enter 
the proximal portion of the occluded fallopian 
tube and restore patency. 

As of 8/1/89, we have performed SFTC on twenty 
patients, attempting restoration of patency in 
twenty-eight fallopian tubes obstructed at the 
proximal segment. The study group consists of 
women presenting with infertility for one year or 
greater, who demonstrated associated unilateral or 
bilateral tubal occlusion. To date, three 
pregnancies have been achieved, two intrauterine 
pregnancies, and a single intratubal salpingitis 
isthmica nodosa in the proximal portion of the 
tube. We believe that SFTC offers a viable 
alternative to surgery for infertile patients with 
occlusive proximal fallopian tube disease. 


Preliminary Experience With Fluoroscopic Trans- 
cervical Fallopian Tube Recanalization: Amendola 
MA, Banner MP, Pollack HM, Sondheimer S (Hospital 


of the Univ. of Pennsylvania, Philadelphia, PA 
19104) 


During the last nine (9) months we 
performed fluoroscopic transcervical 
tube recanalization for treatment of female 
infertility caused by tubal obstruction in 12 
patients. The technique we used was a variation 
of the one described by Thurmond and Rosch 
involving the use of a vacuum cup hysterograph 
with a coaxial catheter set for selective trans- 
cervical catheterization of the fallopian tubes. 
We have observed that the use of a guidewire 
(Meditech) will often allow cannulation of 
occluded tubes after failure of standard guide- 
wires. There were 12 female patients between 26 
and 41 years of age (average: 32). Recanaliza- 
tion was successful in 17 of 19 tubal obstructions 
for an overall technical success rate of 89%. The 
only complications encountered were two instances 
of tubal perforation with a small guidewire. No 
apparent clinical sequelae have been encountered 
in the follow up of these patients. At the time 
of this writing, two (2) women have conceived and 
have an ongoing intrauterine pregnancy. 


have 
fallopian 


Comparative Value of Hysterosalpingography (HSG) 


and MR Imaging of the Uterus Prior to Myomectomy: 
Yoder IC, Papanicolaou N (Massachusetts General 
Hospital, Boston, MA 02114) 


A series of patients is presented, who have 
been evaluated with HSG and pelvic MRI prior to 
myomectomy. The relative contribution of each 
diagnostic study to the operative approach and 
result is compared. Large mural or serosal 
fibromas were removed by a lower abdominal 
incision. Hysteroscopic myomectomy permitted the 
transvaginal removal of small submucous fibroids. 
Submucous myomas were invariably detected on HSG, 
because they produced an indentation on ora 
filling defect within the uterine cavity. MRI 
accurately delineated the number, size and 
location of fibroids in relation to the uterine 
cavity. However, if the latter is severely dis- 
torted, the endometrium may be obscured and the 
relationship of the myoma to the cavity is more 
difficult to determine. 

Pelvic MRI may 
operatively if a mnonionizing technique is pre- 
ferable, especially when serial studies are 
anticipated. Smaller myomas are more likely to be 
accurately localized by MRI than larger ones. 


substitute for HSG pre- 
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Small Renal Neoplasms: Clinical, Pathologic and 
Imaging Features: Levine E, Huntrakoon M, Wetzel 
LH (Univ. of Kansas Medical Center, Kansas City, 
KS 66103) 

Read by title only. 


Small renal neoplasms are being discovered 
with increased frequency because of the widespread 
use of abdominal CT and sonography. Little is 
known about their natural history. We therefore 
retrospectively reviewed clinical, pathologic and 
imaging findings in 22 patients with surgically 
confirmed solitary renal neoplasms 3 cm or less in 
diameter. Eighteen lesions were first found by 
CT, three by sonography and one by IV urography. 
Three lesions were discovered because the patients 
had hematuria. Nineteen were incidental radio- 


logic diagnoses in patients without renal 
symptoms. Of 22 neoplasms, 15 (68%) were renal 
cell carcinomas, six (27%) were oncocytomas, and 


one (5%) was a lymphoma. Fourteen carcinomas 
(93%) were confined to the kidney, and one showed 
microscopic capsular invasion. Metastases did not 
develop in any patient with carcinoma, indicating 
that small carcinomas usually have good 
prognoses. Patients with carcinomas had a mean 
follow-up of 42 months. All neoplasms were 
visible on CT. However, characterization of these 
lesions sometimes required a combination of CT and 
sonography and occasionally angiography. The 
carcinomas, oncocytomas and solitary renal 
lymphoma could not be distinguished 
radiologically. 

Small renal neoplasms are most often found 
incidentally by CT performed in patients without 
renal complaints. Most are low stage carcinomas 
and some are oncocytomas., 


Renal Cell Carcinoma Discovered Incidentally 


During Gallbladder Ultrasonography: Bush WH 
(Virginia Mason Clinic, Seattle, WA 98111) 


If the ultrasonic examination of a patient 
with "gallbladder symptoms" also includes the 
kidneys, a substantial percentage of renal 
carcinomas will be discovered and these will be at 
an earlier stage. Of 65 patients with renal cell 
CA discovered between January, 1984 and January, 
1988, tumors in nine 


patients (14%) were 
discovered incidentally by ultrasonography 
requested for gallbladder evaluation. These nine 


tumors averaged only 4.7cm in diameter. Four were 


left sided, four right and one patient’s were 
bilateral. All were either stage I or II. By 
comparison, renal carcinoma discovered by ultra- 
sonography done for urinary tract or other 
abdominal symptoms averaged 6.2 cm; renal cancers 
found by excretory urography done for urinary 


symptoms averaged 7.7 cm. 

Considering the improved curability of the 
smaller, early detected renal cell carcinoma, it 
is recommended that the right kidney be evaluated 
always during even a limited gallbladder ultra- 
sonographic exam and that, as often as feasible, 
the examination be expanded to include the left 
kidney. 


Observations on the Growth of Renal Parenchymal 
Neoplasms: Bosniak MA, Birnbaum BA, Megibow AJ, 
Lubat E, Gordon RB (New York Univ. Medical Center, 
New York, NY 10016) 


The growth rate of small well marginated renal 
parenchymal neoplasms is virtually unknown because 
they are usually removed when they are discovered 
unless the lesion is missed or misdiagnosed 
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initially (and previous studies are available) or 
Surgery is not performed because of severe medical 
disease. In this context we have been able to 
collect 13 well marginated renal parenchymal 
tumors in 11 patients that have had follow up 
evaluation for over two years. The follow ups 
range from two years to eight years with a mean of 
3.5 years. The tumors ranged in size initially 
from 1.5 to 4.0 cm in size (mean 2.2) and they all 
grew slightly during the follow up periodranding 
from 0.2cm to 5.5cm with a mean of 1.8cn. No 
tumors metastasized during the follow up period. 
Seven of the cases have pathological proof (renal 
adenocarcinoma) with the remaining patients still 
alive with their tumors. While this is a small 
number of total cases to make any definite conclu- 
Sions, the presentation of this material is felt 
Warranted since there is very little material on 
this subject available in the literature and the 
relatively slow growth rate of these small well 
marginated tumors might justify a conservative 
(non-operative) approach in somr elderly patients 
who are poor operative risks or who would other- 
wise have to undergo dialysis if surgery was 
performed. 


CT and Sonographic Characteristics of Lymphang:oma 
of the Retroperitoneum: Davidson AJ, Hartman DS 
(Armed Forces Institute of Pathology, Washington, 
DC 2036-6000) 

Read by title only. 


Eighteen retroperitoneal lymphangiomas in 11 
males and seven females were evaluated retro- 
spectively for discriminating CT and sonographic 
features. Age was evenly distributed from birth 
to the sixth decade. CT (n=14) localized the 
lymphangioma as predominantly perirenal in six, 
predominantly pararenal in seven and predominantly 
pelvic in one. In five, the lymphangioma occupied 
more than one space. In three, the lymphangioma 
involved and may have arisen from adrenal, bladder 
or kidney. Seven masses were unicameral and seven 
multiloculated. Septa and walls were thick in all 
except two. One had a calcified wall. Fluid 
content of locules varied from water to 35 HU in 
six patients or visibly contained blood or debris 


in eight. Chylous values were absent. Sonography 
(n=17) characterized the lymphangioma as 
unicameral in Six, multilocular in ten and 


Septa were thick in nine of 
lesions. Fluid was uncompli- 
echoic in six, in six, the 
lymphangioma was markedly elongated and extended 
from pelvis to superior retroperitoneum. We 
conclude that lymphangioma has distinctive CT and 
sonographic features that may be the basis for 
differentiation from other retroperitoneal masses. 


indeterminate in one. 
ten multiloculated 
cated in 11 and 


Extra-Adrenal Retroperitoneal Paragangliomas: 
Clinical, Pathological and CT Findings: Hayes WS, 
Davidson AJ, Grimley PM, Hartman DS (National 
Naval Medical Center, Bethesda, MD 20814-5011) 


The clinical, pathological and computed tomo- 
graphy (CT) findings of 33 extra-adrenal retro- 


peritoneal paragangliomas in 28 patients were 
reviewed retrospectively. There were sixteen 
males, twelve females. The average age of the 
group was 37 years with a range from 11 to 70 
years. Twenty-four patients (86%) had hypert- 
ension. Biochemical studies were performed in 18 
of the 24 patients with hypertension and the 


results were elevated in all. Four patients (14%) 
had malignant paragangliomas. The cytologic 
features and growth patterns of all tumors in this 
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Study were the same as those described for both 
extra- and intra-adrenal paragangliomas. 


Tumors were classified by locations as 
Suprarenal (26%), renal hilus (32%) or infrarenal 
(42%). Functional tumors were on the average 
smaller (7.0cm) than nonfunctional tumors 
(12.0cm), but the two groups overlapped. Smaller 
tumors were more likely to be of homogeneous 
density with well defined margins, while larger 
tumors were more inhomogeneous with irregular 
margins. 

Our findings indicate that extra-adrenal 
retroperitoneal paragangliomas are functionally 
active more frequently than previously reported 
and that they are readily detected by CT as soft 
tissue masses closely associated with the entire 
length of the abdominal aorta. However, no 
pathognomonic CT features were found that 
distinguished and were uniquely those of para- 
gangliomas. 

Transrectal Ultrasound Guided Biops of the 


Prostate: Experience with 211 Cases: Krause R, 
Cuttino JT, Scholz FJ, Larsen CR (Lahey Clinic 
Medical Center, Burlington, MA 01805) 


Transrectal guided biopsy of the prostate has 
become an integral part of the workup of prostate 
cancer. We have performed biopsies in 211 
patients. Indications for biopsy include palpable 
nodule, palpable induration, suspicious lesion 
noted on transrectal ultrasound and patients with 
a high index of suspicion for prostate malignancy 
(positive bone scan, elevated acid phosphatase and 
elevated prostatic specific antigen). 

Biopsy in 211 patients yielded 94 cancers (45% 


positive); ultrasound was positive (hypoechoic 
lesion in 89 (95%). There were 117 patients (55%) 
with benign pathology (hypertrophy, atypia, 


Of these ultrasound was suspicious 
for malignancy (false positive) in 79 (67%). 
Complications were minimal (hematuria, hemato- 
chizia, prostatitis, and sepsis). Five patients 
required admission for intravenous antibiotics. 

Transrectal guided biopsy of the prostate is a 
relatively safe, easy procedure, well-tolerated by 
patients and with a high positive yield. Radiolo- 
gists are ideally suited to monitor and perform 
this procedure. 


prostatitis). 


Local Stagin of Prostate Carcinoma with Endo- 
rectal Surface MRI: Schnall MD, Imai Y, Pollack 
HM, Lenkinski RE, Kressel HY (Hospital of the 


Univ. of Pennsylvania, Philadelphia, PA 19104) 
[Award-winning paper] 

Although the use of an endorectal surface coil 
has been shown to improve the resolution of MR 
images of the prostate gland, the clinical utility 
of this technique has yet to be established. We 
used endorectal surface coil MR to examine the 
patterns of growth and MR characteristics of 
biopsy-proved prostatic carcinoma in 35 patients. 
In a subgroup of this cohort consisting cf 12 
patients who underwent’ radical prostato-seminal 
vesiculectomy, surgical and pathological confirma- 
tion of MR staging was available, including whole 
mount specimen correlation in some cases. 

Surface coil images revealed, in more detail 
than body coil images, the extent of the 
malignancies, and especially, their relationship 
to anatomical landmarks - such as the prostatic 
capsule, the neurovascular bundle, the peri- 
prostatic vascular plexus and periprostatic fat - 
important to local staging of the neoplasm. 

Prospective staging with endorectal surface 
coil MRI agreed with surgical-pathological staging 
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in 11 of 12 cases (92%). The discordant case was 
the first case imaged in this study, and, retro- 
spectively, it was felt that study was inter- 
pretated incorrectly. 

There was excellent correlation between endo- 
rectal surface coil MRI and the whole mount 


specimens with regard to the intra and extra- 
prostatic extent of tumor. These results suggest 
that endorectal surface coil MRI is a promising 
tool for the local staging of prostatic 


malignancy. 


The Hilum of the Testis - A Sonographic Imposter 


of Neoplastic Disease: Bird KI, Blair OD, 
Rosenfield AT (Yale Univ. School of Medicine) 


The hilum of the testis is a normal variant 


that may mimic a tumor or other abnormality. 
Sonographically, it presents as a unilateral 
hypoechoic mass or as two such masses. Based on 


sonographic/ pathologic correlation using cadaver 
studies and surgical specimens as well as Doppler 
flow studies in clinical patients, we have found 
that this hypoechoic region consists of small 
veins along with some fibrous tissue. The 
Criteria for characterizing such a lesion as 
representing this normal variant are: 1) the mass 
Or masses are contiguous with the epididymis; 2) 
on sonographic sections perpendicular to the 


mediastinum testis, the lesion is symmetric about 
the linear echogenic mediastinum; 3) duplex 
Doppler may show venous flow within the lesion 


(although the flow may not be appreciated if the 
veins are small); 4) in some patients definite 
evidence for the vascular etiology of the lesion 
can be seen on color Doppler or MRI scanning. 
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The Clinical Utility of P-31 MRS in the Evaluation 
of Human Testicular Pathology: Hricak H, Chew WM, 
Carrol P (Univ. of California, San Francisco, CA 
94143-0628) 


1H MR imaging is a useful adjunct to ultra- 
sound in the diagnosis of various testicular 
diseases. While 1H MRI demonstrates excellent 
sensitivity, often the findings are inconclusive 
lacking tissue specificity. In this prospective 
study, we attempt to determine the clinical 
utility of combined 1H MRI/P-31 MRS in the 
evaluation of human testicular disease, 


specifically for the diagnosis of 
torsion, orchitis, fibrosis and tumor. 

Thirteen patients (torsion N=2, orchitis N=1, 
testicular atrophy N=4, tumor N=6) were studied 
using a 1.5-T GE Signa system. Imaging was 
performed with T1- (600/20) and T2- (2500/20/80) 
weighted sequences, and spectra were collected 
from each testis with a 3.5 cm coil, a TR of two 
seconds and 100 averages. Results of the combined 
MRI/MRS studies were confirmed with surgical or 
biopsy results. Imaging alone depicted the 
pathology in each patient but could not 
differentiate between orchitis, fibrosis or tumor. 
In torsion, Tl-weighted images demonstrated an 
increase in signal intensity but T2-weighted 
images demonstrated no abnormalities while P-31l 
MRS demonstrated a marked increase (above phospho- 


testicular 


monesters) (PM) in levels of inorganic phosphate 
(Pi) and reduced levels of ATP. P-31 spectra of 
testicular tumors varied with tumor type but in 
general, all showed increases in Pi levels 
(although never above PM) and increases in 
PM/B-ATP peak area ratios. Testicular atrophy 


exhibited spectra with decreased concentrations of 
phosphorous containing compounds and decreases in 
PM/B-ATP peak area ratios as well. 

Combined MRI and MRS findings increased our 


diagnostic accuracy and should be used in problem 
cases. 
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Letters 





Hypersensitivity Reaction During Barium Enema 


In a recent issue of AJR, Feczko et al. [1] reported a death that 
occurred during a single-contrast barium enema. Allergic or anaphy- 
lactic reactions to barium sulfate suspensions, although known for 
some time, are rare, and we feel justified in reporting an additional 
case of severe hypersensitivity reaction associated with barium 
enema. 

The patient was a 43-year-old woman who had had gastric partition 
for morbid obesity, cholecystectomy, and ventral hernia repair 7 years 
before. Her surgery had been complicated by subphrenic abscess 
and multiple viscerocutaneous fistulas. She had a history of allergic 
reaction (urticaria?) to IV contrast material, but she had not had any 
side effects associated with earlier barium studies. 

She had a single-contrast barium enema in May 1988 for preop- 
erative evaluation for a fistula repair. Immediately after completion of 
the study, the patient began having dyspnea and diffuse wheezing 
over both lungs, and extensive urticaria developed over her entire 
body. Her blood pressure was 110/82 mm Hg, and her respiratory 
rate was 30/min. Her respiration improved slowly after she was given 
50 mg of Benadryl (diphenhydramine hydrochloride) intramuscularly 
and oxygen. The itching and urticaria became progressively worse, 
and 100 mg of hydrocortisone was administered intramuscularly. 

Later, the patient had a limited upper gastrointestinal study with a 
nonionic contrast material after she was premedicated with predni- 
sone. She experienced no side effects from that study. 

Most patients who have side effects from a barium enema have a 
history of allergy. It has been suggested that methylparaben, a 
preservative [2], or glucagon [3] may be responsible for allergic 
reactions that occur during barium enemas. In our case, the single- 
contrast barium enema was performed without glucagon, and meth- 
ylparaben is not listed specifically as one of the ingredients in the 
preparation (E-Z-EM Disposable Bariuma Enema, E-Z-EM, Inc., West- 
bury, NY) that we used. However, in cases reported in the literature, 
barium suspensions from the same company were used, and one of 
the patients had a pasitive response to methylparaben in hypersen- 
sitivity tests [2]. 

It would be highly desirable to have all ingredients listed on the 
package and the possibility of side effects stated in the descriotion 
of all barium suspensions. 


Jeffrey S. Brenner 

John O'Neil 

Juri V. Kaude 

University of Florida, College of Meaicine 
Gainesville, FL 32610 
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Reply 


| thank Brenner et al. for their interest in my article [1] and for their 
report of a hypersensitivity reaction associated with a barium enema. 
Over the last several months, | have become aware of other serious 
allergic reactions that have occurred during diagnostic barium studies. 
Although these events are unusual, radiologists must be made aware 
of the possibility that such events may occur. At my institution, we 
currently have both epinephrine and Benadryl (diphenhydramine hy- 
drochloride) available in all fluoroscopic suites because of these 
reactions. 

Brenner et al. make several good points. | also think that manufac- 
turers should list all ingredients on the package, but the Food anc 
Drug Administration does not require them to do so. Another fasci- 
nating point is that E-Z-EM, Inc., now has a warning about the 
possibility of allergic reactions to its products on its latest package 
inserts. This information appears to be a relatively recent addition tc 
the package inserts and is printed in boldface type. 

Peter J. Feczko 
Henry Ford Hospita' 
Detroit, MI 48202 
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Low-Attenuation Mediastinal Masses on CT 


The pictorial essay by Glazer et al. [1] provides a comprehensive 
review of cystic mediastinal masses. However, | recently have seen 
a case not mentioned in this differential diagnosis that | believe may 
be of general interest as an uncommon manifestation of a common 
disease. 

An 84-year-old woman had had dyspnea for several weeks, partic- 
ularly when she was lying down. Screening chest radiography showed 
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Fig. 1.—A and B, CT scans show cystic mass in middle mediastinum. 
Trachea and superior vena cava are compressed (A), and mass extends 
up to thoracic inlet on right side (B). 


a mediastinal mass. CT scan showed a cystic mass in the middle 
mediastinum with compression of the trachea and superior vena cava 
(Fig. 1). The mass extended up to the thoracic inlet on the right. At 
mediastinal biopsy, the mass was soft but definitely encapsulated. 
The cystic part consisted of necrotic debris. Examination of biopsy 
specimens from the capsule showed poorly differentiated lymphocys- 
tic lymphoma. 

Non-Hodgkin lymphoma presents as a purely mediastinal mass in 
less than 10% of cases [2]. Primary mediastinal lymphoma presenting 
as a cystic mass in the mediastinum is a possibility not mentioned in 
either the pictorial essay or the two major textbooks on CT scanning 
[2, 3]. As non-Hodgkin lymphoma is a common disease, | think that 
this probably will not be an isolated case and that non-Hodgkin 
lymphoma should be included in the differential diagnosis of cystic 
mediastinal masses. 

Jack T. English 
St. Francis Medical Center 
La Crosse, WI 54601 
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Reply 


We thank Dr. English for describing his case of mediastinal non- 
Hodgkin lymphoma. As stated in our article [1], any neoplasm with 
necrosis may have areas of low attenuation that often is not absolute 
but relative to the enhancing wall of the lesion or to surrounding 
structures on IV contrast-enhanced CT scans. Determination of the 
precise attenuation value in these cases actually discloses a density 
close to that of soft tissue, which we are certain is the situation in 
the submitted illustrations. This needs to be distinguished from true 
cystic lesions with attenuation values near those of water that may 
be seen in patients who have Hodgkin lymphoma. 

Harvey S. Glazer 

Marilyn J. Siegel 

Stuart S. Sagel 

Mallinckrodt Institute of Radiology 
St. Louis, MO 63110 
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Tuberculosis and Peptic Stricture of the Esophagus 


We describe an unusual case of tuberculosis complicating peptic 
stricture of the esophagus. 

A 45-year-old woman who had been having retrosternal burning 
for several years presented with dysphagia. A barium esophagogram 
showed a smooth stricture of the distal 5 cm of the esophagus (Fig. 
1). The patient refused any intervention at this time and was treated 
with antacids for peptic-acid disease. Five years later, she presented 
with worsening dysphagia. A repeat esophagogram showed no sig- 
nificant change in the degree of the stricture; however, multiple 
ulcerations were seen proximal to the stricture. No definite pathologic 
diagnosis could be made because the patient refused endoscopic 
biopsy. Six months later, she returned because of constant, dull, 
aching retrosternal pain. A barium esophagogram showed a localized 
leak of contrast material from the region of the ulceration proximal to 
the stricture. 

The patient agreed to have surgery, and a localized periesophageal 
abscess was excised along with the adjacent cardioesophageal 
junction. An esophagogastrostomy was performed. The patient's 
recovery was uneventful. Histopathologic examination of the resected 
specimen showed classic tuberculous granulation tissue in the wall 
of the esophagus, in relation to the ulcers. Lymph nodes surrounding 
the abscess also showed tuberculous granulation with caseation. 

Esophageal involvement in tuberculosis is seen at autopsy in less 
than 1% of patients who have this disease [1]. Though such involve- 
ment invariably is associated with advanced pulmonary or mediastinal 
tuberculosis, isolated cases of primary esophageal tuberculosis have 
been reported [2]. In such cases, as in our patient, the diagnosis 
seldom is suspected preoperatively. Symptoms are often nonspecific 
and include dysphagia and chest pain [3]. 

Ulceration in peptic strictures of the esophagus occurs in the 
strictured segment itself. On the other hand, ulceration and perfora- 
tion in an area proximal to a peptic stricture strongly suggests a 
nonpeptic cause of ulceration. The differential diagnosis for such 
proximal ulceration includes drug-induced esophagitis, herpetic or 





A B C 


Fig. 1.—Tuberculosis and peptic stricture of the esophagus. 

A, Initial esophagogram shows peptic stricture. 

B, Esophagogram obtained 5 years after A shows ulcerations (arrows) 
proximal to stricture. 

C, Esophagogram obtained 6 months after B shows local perforation 
and leak of contrast material (arrow). 
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Candidial infection, and Crohn disease [2]. With this case report, we 

wish to stress that in areas endemic for tuberculosis and in immu- 

nocompromised patients, tuberculosis can be a cause of ulceration 
and perforation proximal to a peptic stricture. 

Priti Shah 

Ravi Ramakantan 

King Edward Memorial Hospital 

Bombay, 400 022, India 
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Inflammatory Pseudotumor of the Liver 


Inflammatory pseudotumor of the liver is rare, and the cause s still 
unknown [1-4]. We report a case in which the diagnosis was con- 
firmed at surgery. 

A 51-year-old man had had epigastric pain for 1 month. Endoscopy 
revealed a gastric ulcer, and sonography showed a tumor of the liver. 
CT showed a low density multiloculated lesion in the right lobe of the 
liver. Enhanced multiple septa were seen after administration of 
contrast material (Fig. 1A). Percutaneous needle biopsy of the tumor 
was done. Histologic examination of the biopsy specimen showed 
infiltration of inflammatory cells in the fibrous tissue and no evidence 
of malignancy. No diagnosis could be made. 





Fig. 1.—Inflammatory pseudotumor of liver. 

A, Contrast-enhanced CT scan shows multiloculated low-density area 
with enhancement of septa. 

B, Photomicrograph of specimen obtained at Surgery 22 months after A 
shows numerous lymphocytes and plasma cells in connective tissue com- 
posed of collagen fibers and fibroblasts. (H and E) 


At follow-up 22 months later, both sonography and CT showed 
that the mass had increased in size. Sonography also showed a 
mosaiclike hypoechoic area 7 x 8 cm in diameter. Except for the 
size, the CT appearance was the same as before. An extended right 
lobectomy of the liver was performed. At Surgery, a large solitary 
mass in the right lobe with adhesion with the diaphragm was present. 
The lesion had a well-demarcated, irregular margin and was yellowish 
and white. Histologic examination showed numerous lymphocytes 
and plasma cells in the connective tissue composed of collagen “ibers 
and fibroblasts (Fig. 1B). 

Masayuki Imazato 
Yoshinori Isobe 
Eiko Ueno 
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Imaging Investigation of Urinary Tract Infection 


We were interested in the report by Strife et al. [1] describing 
changes in their protocol for the imaging evaluation of urinary tract 
infection in girls. The major advantage is the omission of the standard 
radiographic cystogram, which entails relatively high exposure to 
radiation. This protocol may become the procedure of choice if its 
results can be validated, and if the grading procedure based on the 
use of isotopes can be mastered by other groups. We have some 
concerns about the methods used in this Study [1] and about some 
of the authors’ statements on the pathophysiology of reflux nephrop- 
athy and the treatment of grade | reflux. 

First, a definition of urinary tract infection is not provided. False- 
positive results of urine cultures obtained from bagged specimens or 
midstream clean-catch specimens in girls (especially in those less 
than 2 years old) are frequent, and we wonder how many children 
really had urinary tract infections. Urethral catheterization and supra 
pubic aspiration of the urine are much more reliable methods for 
collecting urine specimens for determination of urinary tract infections 
lesa: 

Second, the authors state that reflux nephropatny develops when 
infected urine refluxes into the renal collecting system and into a 
refluxing papilla. This point is controversial, and experimental and 
Clinical data appear to indicate that reflux nephropathy can develop 
in the absence of infection [4]. 

Third, Strife et al. minimize the significance of the inability of nuclear 
cystography to detect grade | reflux, stating that knowledge that a 
patient has grade | reflux rarely results in a change in therapy. On 
the contrary, although grade | reflux is not an indication for surgical 
correction, prolonged prophylactic antibiotic therapy uniformly is ad- 
ministered in this situation [5, 6]. 

Finally, Strife et al. correctly emphasize the importance of detecting 
renal scarring in patients who have urinary tract infection. However, 
they neglect a large body of evidence [7, 8] that shows that renal 
nuclear scanning with cortical agents such as *°"™T ¢-glucoheptonate 
is more effective than renal sonography in detecting scars. Our 
protocol in children who have urinary tract infection and reflux includes 
performing a renal scan to determine the presence or absence cf 
cortical scars. 
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Reply 


We are pleased, and in fact had hoped, that the report [1] of our 
experience in evaluating a large number of girls with urinary tract 
infection would stimulate interest, discussion, and other controlled 
studies. All patients in our study were referred to the Department of 
Radiology at Children’s Hospital Medical Center by pediatricians who 
had documented a urinary tract infection. The standard definition of 
“significant” bacteriuria is growth of more than 100,000 colonies/u! 
of a single organism in urine obtained by the clean-catch method. We 
agree that it is extremely important to obtain a specimen correctly in 
children so that they will not be mislabeled as having a urinary tract 
infection. 

Numerous investigations of vesicoureteral reflux, infection, and 
reflux nephropathy have been done over the past few decades. 
Although it remains controversial if reflux nephropathy can develop 
in the absence of infection, most agree that reflux provides a potential 
route for transporting organisms from the lower urinary tract to the 
kidneys, with possible subsequent renal infection and scarring. We 
evaluated patients in our study only if they had a documented urinary 
tract infection. McCurdy and Vernier [2] concluded that “the knowl- 
edge accumulated over the past 10 years suggests strongly that UTI 
associated with vesicoureteral reflux is a major cause of renal scarring 
and an important cause of renal failure in children.” The question of 
whether reflux nephropathy can develop in the absence of infection 
was not addressed in our study. 

It is difficult to diagnose grade | vesicoureteral reflux on the basis 
of nuclear cystography. The length of prophylactic therapy necessary 
in patients with grade O and grade | reflux remains controversial. 
Nuclear cystography accurately detects higher grades of reflux; most 
clinicians agree that infants and children who have these grades of 
reflux require prolonged prophylactic therapy or perhaps even sur- 
gery. 

We agree that it is important to determine if renal scarring is 
present in patients who have urinary tract infection. This classically 
has been evaluated by using excretory urography. The frequency of 
renal scarring in girls studied by excretory urography [3] and in this 
study [1] in which we used sonography is almost identical. The 
question always is, How much does one investigate? particularly in 
healthy outpatient girls who have documented urinary tract infections. 
Obviously, each additional imaging study (sonography, excretory 
urography, renal scintigraphy, cortical nuclear imaging) increases the 
detection of small renal scars. 

Our study did not compare renal sonography with nuclear scintig- 
raphy with cortical labeling agents such as **"Tc-glucoheptonate or 
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°°™T ¢-dimercaptosuccinic acid. Renal scintigraphy with these cortical 

scanning agents is able to show renal scarring, although with a 

considerably higher dose of radiation. Some institutions, including our 

own, may proceed to a third study (excretory urography, renal 

scintigraphy with cortical scanning agents) in high-risk girls (e.g., less 

than 2 years old, infection with an unusual organism, failure to 

respond to appropriate antibiotic therapy). We do not recommend 

this detailed and aggressive imaging as a routine protocol for all 
children who have urinary tract infection and reflux. 

Janet L. Strife 
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Herniation of an Ovarian Cyst Through the Inguinal 
Canal: Diagnosis with CT 


We recently saw a woman who had a gigantic palpable abdominal 
mass caused by herniation of a large ovarian cyst through the inguinal 
canal. To our knowledge, a similar case has not been reported before 
in the literature. A 59-year-old woman presented with pain in the hip. 
Physical examination showed a huge abdominal mass 15 x 15 x 20 
cm. This soft-tissue mass could be palpated from the right groin to 
the umbilicus. It had no features of an inguinal hernia. The patient 
had noticed this mass for many years but had not sought medical 
help. A sonogram showed that the mass was cystic but did not reveal 
the origin. CT scan of the pelvis showed a large cystic mass arising 
from the right ovary and herniating into the subcutaneous tissue via 
the inguinal canal (Fig. 1). At surgery, an enlarged cystic right ovary 
was found extending from the external to the internal inguinal ring in 
the right groin. The anterior wall of the canal was formed by the 
aponeurosis of the external oblique muscle, and the posterior wall 
was formed by the aponeurosis of the transversus muscle. 


Fig. 1.—CT scan shows ovar- 
ian cyst arising from right ovary 
(straight arrow) and herniating to 
subcutaneous tissue via inguinal 
canal. Curved arrow = bladder. 
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Although the diagmosis of hernia almost always can be established 
Clinically, CT may be useful in differentiating between a hernia and a 
mass within the abdominal cavity or abdominal wall [1]. Herniated 
inguinal ovaries in children and infants are not uncommon [2]. Hernia- 
tion of an ovarian mass through the inguinal canal in adults is 
extremely rare. We found only one case in the literature of an ovarian 
tumor in an inguinal hernia [3]. 

Hans P. M. van Heesewijk 
University Hospital Utrecht 

3485 CX Utrecht, the Netherlands 
Frits W. Smit 

Martin A. Heizbrink 

Frans P. Kok 

Deventer Hospital 

7400 GC Deventer, the Netherlands 


REFERENCES 


1. Lee JKT, Sagel SS, Stanley RJ. Computed body tomography with MRI 
correlation, 2nd ed. New York: Raven, 1989:661 

2. Kristiansen CT, Snijder WH Jr. Inguinal hernia in female infants and children. 
West J Surg 1956;54:481-484 

3. Kawanchi H, Yashiro N, Ohtomo K, et al. A case of ovarian tumor in 
inguinal hernia. Rinsho Hoshasen 1986;31:441-443 


Directable Cannula for Gastrojejunal 
Catheterization 


We read with interest Dr. Constantin Cope's recent letter [1] 
describing the use of a malleable, stainless-steel, hollow cannula as 
an aid for intubating the duodenum during percutaneous gastrojeju- 
nostomy. We too have encountered the same difficulty in trying to 
catheterize the duodenum without the use of such an aid: the 
guidewire coils in the body and fundus of the stomach. 

We describe an alternative aid. We have used a standard 6.5- 
French 20-cm dilator successfully on several occasions without diffi- 
culty. We perform the initial gastric puncture in the standard fashion. 
After placing the guidewire in the body of the stomach, we place a 
bend in the end of a 6.5-French dilator 1-2 cm from the tip. The 
dilator then is advanced over the guidewire and easily directed toward 
the pylorus. When the guidewire is withdrawn inside the dilatcr, the 
bend at the end of the dilator easily can probe the region of the 
pyloric canal atraumatically. The wire can be removed and contrast 
material injected if any doubt exists as to the location of the pylorus. 
Once the dilator is in or near the pyloric canal, we advance a 1.5-mm 
J-wire through the dilator and into the duodenum. At this point, we 
exchange the dilator for a 6.5-French cobra 2 catheter, which is 
advanced to the end of the wire. We then exchange the wire for an 
Amplatz superstiff wire and use the catheter and wire combination 
to catheterize the jejunum. 

The method we describe is certainly less elegant than that of Dr. 
Cope. The only advantage of our technique is that it allows use of 
materials readily available in any interventional radiology department. 
One possible drawback of our method is that once we exchange the 
dilator for the cobra catheter, conceivably as the catheter is advanced 
farther it could buckle back into the stomach as we no longer have 
the stiffness of the dilator holding our position in the pylorus. Practi- 
Cally speaking, however, this has not been a problem, most likely 
because the Amplatz wire we use is sufficiently stiff to prevent the 
catheter from buckling back into the stomach. 

Mark |. Pedersen 

Gordon “wedt 

Malcolm Grow Medical Center 
Andrews AFB, MD 20331 
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Reply 


Drs. Pedersen and Twedt have found that a bent-tip 6.3-Frencn 
dilator is superior to a cobra catheter for performing percutaneous 
gastrojejunostomy because of the dilator’s slightly increased stiffness 
and its ready availability. | agree that it is fairly easy in most cases to 
gain access to the duodenum by using simple stiff catheter and 
guidewire systems. However, in some patients who have had per- 
cutaneous endoscopic gastrostomy, or who have an unusually high 
gastrostomy site or a long J-shaped stomach or both, and it is 
unusually difficult to reach and intubate the duodenum because cf 
the complex S curve within the stomach that the operator must 
follow. It is under these conditions that | have found that a stif, 
hollow, malleable cannula is invaluable. It can be used to straddle th2 
body of the stomach and to provide enough leverage to advance a 
catheter-guidewire combination directly into the small bowel without 
intragastric coiling. 

Incidentally, the gastric cannula | currently use was designed 
because | found that uterine malleable cannulas (readily available 
from the operating room) were too short to prevent increased radia- 
tion exposure to the hands. 

Constantin Cope 
Hospital of the University of Pennsylvania 
Philadelphia, PA 19104 


Fatality from Fine-Needle Aspiration Biopsy of a 
Hepatic Hemangioma 


It has been stated that no proof exists that guided transhepatic 
fine-needle aspiration biopsy of hepatic hemangioma is hazardous [~ , 
2]. We report a case in which the patient died after such a procedure. 

A 77-year-old man had abdominal CT at a regional hospital as pact 
of staging for adenocarcinoma of the prostate. A 10-cm hypodense 
subcapsular lesion was seen in the right lobe of the liver. CT-guided 
fine-needle aspiration biopsy was performed with a 21-gauge spinal 
needle. Two separate direct needle passes were made that enzered 
the mass without encountering any intervening normal liver (Fig. 1). 





Fig. 1.—77-year-old man with giant hepatic hemangioma. 

A, Noncontrast CT scan shows 21-gauge needle inserted directly into 
giant hemangioma, which extended to liver capsule. 

B, CT scan obtained 5 min after fine-needle aspiration biopsy shows a 
perihepatic hematoma extending anteriorly from biopsy site. Biopsy 
yielded fresh blood only. 
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Pain developed immediately in the tip of the patient's shoulder, and 
a CT scan obtained 5 min after biopsy showed a subcapsular he- 
matoma 2 cm thick extending from the biopsy site. The patient 
subsequently became hypotensive and had an emergency laparot- 
omy. A bleeding hemangioma, a subcapsular hematoma, a small 
capsular tear, and free intraperitoneal hemorrhage were seen. The 
bleeding site was packed at this time, but the patient continued to 
bleed postoperatively. Embolization was attempted but was unsuc- 
cessful. This was followed by reexploration and further packing of 
the liver. The patient was transferred to our hospital. He remained 
stable for 2 days. Coagulation factors were normal. When the packing 
material was removed from the liver, extensive bleeding occurred, 
which necessitated blood transfusion, right hepatic lobectomy, and 
repacking. Coagulopathy, sepsis, and multiple system failure ulti- 
mately resulted in death 28 days after admission. 

Hemangiomas cannot always be diagnosed with certainty when 
imaging techniques are used. In addition, the attending clinician may 
not accept the radiologic diagnosis of hemangioma, especially in 
oncologic patients. As a result, biopsies of hemangiomas are done 
both intentionally and inadvertently [3]. This case illustrates that fine- 
needle aspiration biopsy of hepatic hemangioma is not without risk 
and emphasizes the recommendation that a route that traverses 
normal liver should always be sought when such biopsies of liver 
lesions are performed. 
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The Gibbs Phenomenon 


In his letter [1] on Willard Gibbs and the Gibbs phenomenon, 
Schenck rightfully emphasized the historical importance of this great 
scientist. However, he was incorrect in his statement that the letters 
Gibbs wrote to Nature are “the basis of the artifactual phenomenon 
now routinely seen in MR images.” In fact, a careful reading of these 
letters shows that Gibbs observed that for S,(x) equal to the sum of 
the first n terms in a Fourier series expansion of a function, the 
projection on the y-axis of the curve y = limit S,(x) near a discontinuity 
overshoots the values of the function [2, 3]. This is shown graphically 
in Figure 1. The persistence of this overshoot in the limit of an infinite 
number of terms simply cannot be observed in MR imaging because 
only finite time and real electronic devices are available. Even if we 
could effectively increase the number of terms in the Fourier series 
without limit, the overshoot would become infinitely narrow and 
invisible to the human eye. The ringing of a truncated Fourier series 
near a discontinuity, the true basis of the artifactual phenomenon 
now routinely seen in MR images, is a property of these series that 
has been apparent since their initial description. Unfortunately, the 
original meaning of the term Gibbs phenomenon has become blurred 
in the more recent applied mathematics literature [4]. 
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Fig. 1.—Effect of truncating the Fourier series and the Gibbs phenom- 
enon. 

A, A discontinuity in a function occurs when the function jumps abruptly 
from one value to another. An example is the step function, shown here, 
which has a constant value until it reaches the point at which it suddenly 
jumps to another constant value. (Gibbs actually described the case of the 
“sawtooth” function, but the argument can be generalized.) If a finite 
number of terms are included in the Fourier series representing such a 
function, the Fourier series has broad oscillations about the value of the 
function in the neighborhood of the discontinuity, as shown. 

B and C, As the number of terms included in the series increases, 
oscillations maintain their approximate amplitude but are squeezed closer 
to the discontinuity. Behavior in A-C describes what happens when the 
series is truncated with a finite number of terms and is the basis of what 
properly is called truncation artifact. 

D, As the number of terms in the Fourier series increases without limit, 
an arbitrarily narrow band in the neighborhood of the discontinuity remains 
that overshoots the true value of the function by about 9% of the magnitude 
of the discontinuity. This overshoot eventually becomes too narrow for the 
human eye to detect. Persistence of this 9% overshoot, in the limit of an 
infinite number of terms. is the Gibbs phenomenon. 


Admittedly, this is a semantical issue. However, perhaps it is most 
appropriate to use the term truncation artifact for the effect observed 
in MR imaging and reserve the term Gibbs phenomenon for what 
Gibbs originally described, an entity with which few radiologists are 
likely ever to come in contact. 
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Reply 


My letter was an attempt to forestall the possibility that the name 
of Willard Gibbs would become embedded in the radiologic literature 
in a misspelled form. Dr. Whittemore has raised, correctly and acroitly, 
a second issue, of whether it is truly appropriate to use the term 
Gibbs phenomenon when referring to intensity oscillations in images 
from truncated data sets. This issue also was discussed briefly in a 
previous publication [1]. In this context, it would have been better if 
| had written that Gibbs's letters were “the basis of his name being 
associated with the artifactual phenomenon now routinely seen in 
MR images.” Precision in historical and mathematical matters would 
support Dr. Whittemore’s suggestion of using the term truncation 
artifact in place of Gibbs phenomenon. However, an examination of 
Standard references such as Digital Filters [2] shows that even if 
adopted in radiology, this usage will be in conflict with that now 
prevalent throughout the field of digital signal processing. 
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This issue seems to be a manifestation of another phenomenon: 
Persons often receive excessive and somewhat misplaced recogri- 
tion of their smaller accomplishments while greater achievements are 
remembered insufficiently. 


John Schenck 
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Chaves-Muñoz, Ann P. Salmon, and Christopher R. B. Merritt. New 
York: McGraw-Hill, 164 pp., 1989. $38.50 (12/89) 


Imaging Techniques in Orthopaedics. Edited by C. S. B. Galasko 
and |. Isherwood. New York: Springer-Verlag, 376 pp., 1989. $130 
(12/89) 


Atlas of Color Doppler Echocardiography. By Navin C. Nanca. 
Philadelphia: Lea & Febiger, 544 pp., 1989. $135 (12/89) 


Radiographic Positioning. By Ronald L. Eisenberg, Cynthia A. 
Dennis, and Chris R. May. Boston: Little, Brown, 400 pp., 1989. 
$65 (12/89) 


Urologic Imaging and Interventional Techniques. Edited by William 
H. Bush. Baltimore: Urban & Schwarzenberg, 332 pp., 1989. $99.50 
(12/89) 


Medical X-Ray, Electron Beam and Gamma-Ray Protection For 
Energies Up to 50 MeV (Equipment Design, Performance and 
Use). (NCRP Report No. 102.) Bethesda, MD: National Council on 
Radiation Protection and Measurements, 139 pp., 1989. $17 


Covalently Modified Antigens and Antibodies in Diagnosis and 
Therapy. Edited by Gerard A. Quash and John D. Rodwell. New 
York: Marcel Dekker. 248 pp., 1989. $99.75 (U.S. and Canada), 
$119.50 (other countries) 


The Scientific Basis of Modern Radiotherapy. (BIR Report 19.) 
Edited by N. J. McNally. Stoneham, MA: Butterworths, 142 pp., 
1989. $52.95 


Pediatric Radiation Oncology. By Edward C. Halperin, Larry E. Kun, 
Louis S. Constine, and Nancy J. Tarbell. New York: Raven, 446 pp., 
1989. $98 


Brucellosis. By M. Monir Madkour. Stoneham, MA: Butterworths, 
293 pp., 1989. $190 


Stereotactic Brain Biopsy. By Prakrama T. Chandrasoma and 
Michael L. J. Apuzzo. New York: Igaku-Shoin, 193 pp., 1989. $69 


Exposure of the U.S. Population from Occupational Radiation. 
(NCRP Report No. 101.) Bethesda, MD: National Council on Radiation 
Protection and Measurements, 106 pp., 1989. $15 
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The New England Journal of Medicine 


A placebo-controlled, double-blind, randomized trial of cyclo- 
sporine therapy in active chronic Crohn’s disease. Brynskov J, 
Freund L, Rasmusser SN, et al. (JB, Dept. of Internal Medicine and 
Gastroenterology C, Herlev University Hospital, DK-2730 Herlev, 
Copenhagen, Denmarx). N Eng/ J Med 321(13):845-850, Sept. 1989. 


We randomly assigned 71 patients with active chronic Crohn's 
disease who were resistant to or intolerant of corticosteroids to 
treatment with oral cyclosporine (5 to 7.5 mg per kilogram of body 
weight per day) or piacebo for three months. Disease activity was 
assessed on a clinical grading scale without knowledge of the treat- 
ment given. 

At the end of the treatment period, 22 of the 37 cyclospcrine- 
treated patients (59 percent) had improvement, as compared with 11 
of the 34 placebo-treated patients (32 percent) (P = 0.032). During 
cyclosporine treatment, there was significant improvement in plasma 
orosomucoid levels (P = 0.0025) and the Crohn's Disease Activity 
Index (P = 0.00012). The effect of treatment became evident after 
two weeks. In the subsequent three months, during which the pa- 
tients were gradually withdrawn from treatment, the improvement 
continued in 14 of the 37 patients (38 percent) in the cyclosporine 
group and in 5 of the 34 (15 percent) in the placebo group (P = 
0.034). No serious adverse events were observed. 

We conclude that cyclosporine has a beneficial therapeutic effect 
in patients with active chronic Crohn's disease and resistance to or 
intolerance of corticosteroids. 


Circulation 


Indications, complications, and short-term clinical outcome of 
percutaneous transvenous mitral commissurotomy. Nobuyoshi M, 
Hamasaki N, Kimura T, et al. (MN, Dept. of Cardiology, Kokura 
Memorial Hospital, 1-1 Kifune-machi, Kokurakita-ku, Kitakyushu, 802, 
Japan). Circulation 80:782-792, 1989 


Percutaneous transvenous mitral commissurotomy was performed 
in 106 consecutive patients. Significant symptomatic improvement 
was achieved in 97 patients (92%). Mean left atrial pressure de- 
creased (from 18 + 6 to 11 + 8 mm Hg, p < 0.00001), mean mitral 
diastolic pressure gradient decreased (from 12 + 7 to 7 +6 mm Hg, 
p < 0.00001), and mitral valve area increased (from 1.40 + 0.40 to 
2.00 + 0.50 cm*, p < 0.00001). Based on echocardiographic char- 
acteristics of the mitral apparatus, patients were grouped retrospec- 


tively in three categories: pliable (group 1, n = 37), semipliable (group 
2,n = 59), and rigid (group 3, n = 10). Clinical success was achieved 
in 36 patients of group 1 (97%) and in 55 patients of group 2 (93%). 
Only six patients in group 3 (60%) improved symptomatically (p < 
0.001 vs. group 1, p < 0.001 vs. group 2). The severity of mitral 
regurgitation increased in five patients of group 1 (14%), in 12 of 
group 2 (20%), and in three of group 3 (33%). Six patients had 
recurrent symptoms at 9 months after commissurotomy. Recurrence 
of symptoms was significantly more frequent in group 3 compared 
with the other two groups (group 1, 3%; group 2, 4%; and group 3, 
50%; p < 0.0001 vs. groups 1 and 2). Multiple regression analysis 
identified the previously mentioned echocardiographic characteristics 
of the mitral apparatus as the significant predictor for clinical outcome 
Thus, percutaneous transvenous mitral commissurotomy can be 
considered a safe and effective treatment for patients with pliable 
valves. Patients with semipliable or with rigid valves should be se- 
lected for operation very carefully. 


Functional significance of hypertrophy of the noninfarcted myo- 
cardium after myocardial infarction in humans. Ginzton LE, Conant 
R, Rodrigues DM, Laks MM (LEG, Cardiology Division, Harbor-UCLA 
Medical Center, 1000 W. Carson St., Torrance, CA 90509). Circula- 
tion 80:816-822, 1989 


Hypertrophy of the noninfarcted left ventricle as a chronic response 
to myocardial infarction has been demonstrated in animals and a: 
autopsy in humans. However, the functional significance of post- 
myocardial infarction hypertrophy is a subject of dispute. The purpose 
of this study was to determine the time course of development of 
postmyocardial infarction hypertrophy of the noninfarcted myocar- 
dium in humans and to assess its functional significance. Subcostal 
view, two-dimensional echocardiograms were recorded at rest and 
during peak exercise, 6 and 40 weeks postmyocardial infarction in 
45 patients (16 anterior, 20 inferior, nine non-Q wave infarcts), for 
measurement of left ventricular mass and ejection fraction. The left 
ventricular mass index increased from 94 + 30 to 118 + 27 g/m? (p 
< 0.01) during the time of the two studies. There was a significant 
correlation between the change in left ventricular mass index and 
improved resting ejection fraction (r = 0.48, p < 0.001) and exercise 
ejection fraction (r = 0.48, p < 0.001) at the follow-up study. Of the 
32 patients who increased their left ventricular mass index >7%, 18 
improved their rest ejection fraction >0.05 units and 17 improved 
their exercise ejection fraction >0.05 units. Conversely, of the 13 
patients who failed to increase their left ventricular mass index, 
only three improved their rest ejection fraction and one improved the 
exercise ejection fraction (Fisher's exact test, p < 0.05). We reached 
three conclusions. First, in humans, significant hypertrophy of the 
noninfarcted myocardium can be detected by two-dimensional echo- 
cardiography, 9 months postmyocardial infarction. Second, patients 
who demonstrate hypertrophy of the noninfarcted myocardium are 
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more likely to demonstrate improved rest and exercise ejection 
fraction than those who do not. Third, postmyocardial infarction left 
ventricular hypertrophy may, therefore, represent a beneficial chronic 
adaptation to the loss of myocardium after myocardial infarction. 


Coarctation of the aorta: long-term follow-up and prediction of 
outcome after surgical correction. Cohen M. Fuster V, Steele PM, 
Driscoll D, McGoon DC (VF, Division of Cardiology, Box 1030, Mount 
Sinai Hospital, One Gustave Levy Place, New York, NY 10029). 
Circulation 80:840-845, 1989 


The long-term clinical course was studied in 646 patients, who 
underwent isolated operative repair of coarctation of the aorta at the 
Mayo Clinic from 1946 to 1981. There were 17 perioperative deaths, 
and 58 patients were lost to follow-up. Of the 571 patients with long- 
term follow-up, 11% required subsequent cardiovascular surgery, 
and 25% developed hypertension. There were 87 late deaths. The 
mean age at death was 38 years (range, 0-67 years). Estimated 
survival analysis revealed 91% of patients alive at 10, 84% at 20, 
and 72% at 30 years after operative repair. The most common cause 
of late death was coronary artery disease in 32 patients, followed by 
sudden death, heart failure, cerebrovascular accidents, and ruptured 
aortic aneurysm. Age, sex, and postoperative systolic blood pressure 
were found to be independently predictive of survival. For patients 
less than 14 years of age at the time of initial coarctectomy, survival 
to 20 years was 91%, and for patients 14 years or older at the time 
of operation, survival was 79%. The best survivorship was observed 
in patients operated on at 9 years of age or less. The higher the 
postoperative systolic pressure, the higher the probability of death. 
This study has the largest population undergoing repair of coarctation 
of the aorta with a median follow-up of as long as 20 years. Four 
main points emerged. 1) Age at the time of initial repair is the most 
important predictor of long-term survival. Surgery should be offered 
to patients after age 1 year or sooner if hypertension is severe. 2) 
Coronary artery disease is the most common cause of late death. 3) 
Age at the time of initial repair is the most important predictor of 
hypertension. 4) Associated cardiovascular anomalies requiring sub- 
sequent surgery are common. Therefore, all patients need continuous 
long-term monitoring after repair of coarctation of the aorta. 


Gastroenterology 


Geographic origins of Jewish patients with inflammatory bowel 
disease. Roth MP, Petersen GM, McElree C, Feldman E, Rotter JI 
(MPR, Division of Medical Genetics, Cedars-Sinai Medical Center, 
Los Angeles, CA). Gastroenterology 97:900-904, 1989 


Ulcerative colitis and Crohn's disease are more common among 
Jews than among non-Jews. Despite the existence of studies on the 
prevalence and incidence of inflammatory bowel disease in relation 
to the continent of residence or origin, there are no studies on the 
specific countries of origin of Ashkenazi Jewish patients. We report 
here the first analysis of 233 U.S. Jewish patients by defined world 
regions and subregions. Using two different sets of controls (a self- 
referred Jewish population for Tay-Sachs disease carrier detection 
and a sample of Jewish persons ascertained through unrelated 
studies from the same hospital as our patients), we found a significant 
excess of patients of middle European origin relative to those of 
Polish or Russian origin. These observations suggest that the inflam- 
matory bowel disease gene(s) are more prevalent in the Jewish 
population that originated in middle Europe than in those from Poland 
and Russia. These results further suggest that Jewish patients with 
inflammatory bowel disease probably represent a nonrandom genet- 
ically predisposed subset of the Jewish population. This provides 
further evidence for the genetic contribution to inflammatory bowel 
disease in general, and to its higher risk in the Jewish population. 


Reprinted with permission by the American Gastroenterological Association. 
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The Journal of Bone and Joint Surgery 


Osteochondral fractures of the dome of the talus. Anderson IF, 
Chrichton KJ, Grattan-Smith T, Cooper RA, Brazier D (IFA, North 
Sydney Orthopaedic and Sports Medicine Clinic, 286 Pacific Highway, 
Crows Nest, New South Wales 2065, Australia). J Bone Joint Surg 
[Am] 71-A(8):1143-1152, Sept. 1989 


Twenty-four patients who had an osteochondral fracture of the 
dome of the talus were examined by plain radiography, magnetic 
resonance imaging, computerized tomography, and, when indicated, 
scintigraphy. 

When plain radiographs of the ankle are relied on for the diagnosis 
of an osteochondral fracture of the talus, many lesions remain undi- 
agnosed. Stage-l osteochondral fractures show no diagnostic 
changes on plain radiographs, and Stage-ll lesions are usually subtle 
and, therefore, are often overlooked by both radiologists and clini- 
cians. The use of scintigraphy as a screening procedure and of 
magnetic resonance imaging for patients who have positive scinti- 
scans showed that osteochondral fractures are more common than 
has previously been indicated in the literature. 

Scintigraphy should be used to assess patients when there is 
clinical suspicion of an osteochondral fracture but the plain radio- 
graphs appear to be negative. Patients who have positive scintiscans 
should be assessed by magnetic resonance imaging. Patients who 
have abnormal plain radiographs will derive no major benefits from 
magnetic resonance imaging; for all but one of these patients, com- 
puterized tomography was adequate for staging the fracture. 


Clinical Orthopaedics and Related Research 


Pathologic bone formation. Puzas JE, Miller MD, Rosier RN (JEP, 
Dept. of Orthopaedics, University of Rochester School of Medicine, 
Box 665, 601 Elmwood Ave., Rochester, NY 14642). Clin Orthop 
245:269-281, Aug. 1989 


The literature on pathologic bone formation is reviewed first on the 
basis of clinical syndromes and second in relation to newer knowledge 
of the origin of the bone-forming cells and regulatory molecules. 
Pathologic bone formation can be categorized into three groups 
based on the initiating stimulus: trauma, tumors, and idiopathic 
causes. In the trauma category, the formation of ectopic bone is 
concerned with major and minor traumatic incidents, surgery, burns, 
and other causes. In the tumor category, direct and reactive patho- 
logic bone formation is discussed with an emphasis on the different 
neoplasms capable of ectopic bone formation. The category of id- 
iopathic causes involves the formation of pathologic bone following 
neurologic injury and in systemic ossification disorders. The origin of 
the bone-forming cells in all forms of pathologic bone has not been 
unequivocally determined. However, there is evidence suggesting 
that these cells may arise from osteogenic stromal elements. Potent 
bone formation growth-regulating factors have been recently identi- 
fied, and these molecules must also participate in the formation of 
pathologic bone. Increased understanding of the processes that 
control pathologic bone formation will lead to better methods of 
preventing and treating disorders of ossification. 


Tibia vara: a critical review. Langenskiöld A (AL, Sikgranden 7 D, 
02170 ESBO, Finland). Clin Orthop 246:195-207, Sept. 1989 


Since Blount's classic article was published in 1937, many authors 
have contributed to the knowledge of tibia vara. Tibia vara is char- 
acterized by an abrupt angulation of the tibia into varus in the proximal 
end. The term does not reveal the etiology of the anatomic deformity, 
which may be developmental, posttraumatic, or postinfectious. There 
are four types: (1) Infantile tibia vara (Blount’s disease) is a develop- 
mental condition that manifests itself between the ages of one and 
four years. Roentgenographic findings are typical. (2) Adolescent tibia 
vara is caused by partial closure of the growth plate after trauma or 
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infection between the ages of six and 13 years. (3) Late-onset tibia 
vara appears in obese black children between the ages of six and 15 
years. The roentgenoaraphic findings differ from those of the other 
types, but the histopathology is similar to infantile tibia vara. (4) Tibia 
vara may also be caused by focal fibrocartilaginous dysplasia. Eight 
cases in which there was an area of fibrocartilaginous dysplasia in 
the medial aspect of the tibia have been reported in the literature. 
Several problems have been encountered in the treatment of infantile 
tibia vara. 


The Journal of Urology 


The prune belly syncrome: a comprehensive approach to man- 
agement. Fallat ME, Skoog SJ, Belman AB, Eng G, Randolph JG 
(MEF, Dept. of Pediatric Surgery, Children’s Hospital National Medical 
Center, 111 Michigan Ave., N.W., Washington, D.C. 20010). J Urol 


142:802-805, Sept. #989 


Our approach to management of the prune belly syndrome entails 
a program of comprenensive early reconstruction, including abdomi- 
noplasty, bilateral oreniopexy, reduction cystoplasty, and selective 
ureteral tailoring and reimplantation. Of 20 patients with the prune 
belly syndrome treated at our institution during the last 18 years 15 
underwent comprehensive reconstruction. Abdominoplasty was per- 
formed in 16 patients. Results were evaluated as to cosmetic ap- 
pearance, functional performance, and preoperative and postopera- 
tive electromyography. Immediate good results were obtained in 9 
patients. Of 16 patients 6 required more than 1 abdominal wall 
tailoring and 3 had minor complications that did not compromise the 
ultimate result. Transabdominal orchiopexy was performed on 32 
testes; 28 (88 per cent) are in the scrotum and growing. Of tne 4 
failures 3 occurred ir patients greater than 2 years old at repair. 
Selective urinary tract reconstruction has been performed; 13 pat ents 
underwent tapering and reimplantation of 1 or both ureters. Reduction 
cystoplasty was dore in all 15 patients. Functional assessment of 
the upper urinary tract by improved radiological techniques and the 
necessity for long-term antibiotic prophylaxis have led to a more 
conservative approac in 5 recent patients. Renal function as meas- 
ured by serum creatinine and/or glomerular filtration rate has re- 
mained stable in 12 of 15 patients (92 per cent) undergoing compre- 
hensive reconstruction. 

Aggressive surgical management of patients with the prune belly 
syndrome provides improved abdominal wall function and appear- 
ance, and offers excellent testicular salvage. Surgical reconstruction 
of deformed ureters should be selective and decided on longitudinal 
studies of renal function. 


Pediatrics 


Childhood risk factors for high adult blood pressure: the Musca- 
tine study. Lauer RM, Clarke WR (RML, Division of Pediatric Car- 
diology, University Hospital, lowa City, IA 52242). Pediatrics 
84(4):633-641, Oct. 1989 


In adult populations, elevated blood pressure is related to the 
development of occ usive atherosclerosis, stroke and renal disease. 
The significance of blood pressure levels in childhood, unless ex- 
tremely elevated, has not been related to disease outcomes. In this 
study, the risk of high blood pressure in young adult life is evaluated 
based on the observations of blood pressure and other factors made 
during the school-aged years. Subjects, 2445 in number, were first 
observed at ages 7 through 18 years and again between 20 and 30 
years. During childhood, measurements of blood pressure, height, 
and weight were made in alternate years. At adult ages, the same 
measurements were again made and a health questionnaire was 
administered. According to the data, adult blood pressure is corre- 
lated with childhood blood pressure, body size, and change in pon- 
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derosity from childhood to adult life. Adult ponderosity is related to 
childhood ponderosity, and those who are most obese as adults 
show the greatest increase in weight for height from their childhood 
years. These observations suggest that strategies to prevent the 
acquisition of excess ponderosity during adolescence may be useful 
in preventing adult hypertension. 


Reprinted by permission of PEDIATRICS © 1989. 


The Journal of Pediatrics 


Transcatheter closure of patient ductus arteriosus in pediatric 
patients. Latson LA, Hofschire PJ, Kugler JD, Cheatham JP, Gum- 
biner CH, Danford DA (LAL, Dept. of Pediatrics, University of Ne- 
braska Medical Center, 42nd and Dewey Aves., Omaha, NE 68105). 
J Pediatr 115:549-553, 1989 


A “double disk” occlusion device (Rashkind PDA occluder system) 
has been designed to allow transcatheter closure of patent ductus 
arteriosus (PDA). During a 3-year period, we examined 37 infants and 
children (not premature neonates) with PDA as their only significant 
cardiovascular defect. Seventy-eight percent of these patients were 
considered potential candidates for the use of the PDA occlusion 
device, and it was successfully placed in all but 2 of 27 patients who 
underwent cardiac catheterization (PDA too small in one and too 
large in one). Only one of the remaining 25 patients had a significant 
residual shunt after placement of the device, which therefore was 
removed in the catheterization laboratory before surgical ligation of 
the PDA. There was no Clinical evidence of a residual PDA in any 
patient. The duration of hospitalization was less than 24 hours for 
each of the last 20 procedures. Echocardiography demonstratec 
return to normal chamber dimensions in all patients, but a tiny 
Clinically undetectable residual leak around the device was found ir 
three patients by Doppler evaluation. The transcatheter procedure 
was preferred over surgery by more than 90% of families and can be 
completed with a much shorter hospitalization than surgical ligation 
We conclude that transcatheter closure of patent ductus arteriosus 
is feasible in the majority of children with PDA. 


Role of flexible bronchoscopy in the diagnosis of pulmonary 
infiltrates in pediatric patients with cancer. Stokes DC, Shenep JL, 
Parham D, Bozeman PM, Marienchek W, Mackert PW (DCS. St. 
Jude Children's Research Hospital, 332 N. Lauderdale, P.O. Box 
318, Memphis, TN 38101-0318). J Pediatr 115:561-567, 1989 


We reviewed 60 consecutive flexible bronchoscopies done during 
a 36-month period in 48 pediatric cancer patients with undiagnosed 
pulmonary infiltrates. Diagnostic procedures during bronchoscopy 
included 40 brushings, 50 bronchoalveolar lavages, and 6 transbror- 
chial and mucosal biopsies. A total of 16 specific diagnoses were 
made by bronchoscopy (27% diagnostic yield), including infection 
(12), pulmonary leukemia (3), and lymphoma (1). The largest propor- 
tion of specific diagnoses came from lavage (14/50) and the smallest 
from brushings (1/40). Biopsies were also useful for selected patients. 
The low overall yield for bronchoscopy was probably due to the 
routine use of empiric broad-spectrum antibiotics and antifungal 
therapy, as well as trimethoprim-sulfamethoxazole prophylaxis for 
Pneumocystis carinii pneumonitis. Subsequent specific diagnoses 
were obtained by other procedures (open biopsy, needle aspiration, 
or autopsy) for 10 patients with negative bronchoscopy results and 
3 patients with diagnostic bronchoscopies. These additional diag- 
noses included 7 infections (Pneumocystis carinii (1), Candida tropi- 
calis (1), cytomegalovirus (1), and Aspergillus (4)). and 6 other diag- 
noses with nonspecific histologic findings. A positive bronchoscopy 
result may be useful, but negative bronchoscopy findings do not 
justify delaying other diagnostic procedures or discontinuing antidiotc 
and antifungal therapy in children with cancer and pulmonary infil- 
trates. 
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Randomized, double-blind, controlled trial of long-term diuretic 
therapy for bronchopulmonary dysplasia. Albersheim SG, Solimano 
AJ, Sharma AK, et al. (SGA, Division of Neonatology, British Colum- 
bia’s Children’s Hospital, 4480 Oak St., Vancouver, B.C., V6H 3V4, 
Canada). J Pediatr 115:615-620, 1989 


The effects of continuous therapy with hydrochlorothiazide and 
spironolactone on pulmonary function in 34 premature infants with 
severe bronchopulmonary dysplasia were assessed in a randomized 
double-blind controlled trial. Subjects were =30 days old, were 
supported by mechanical ventilation in >30% oxygen, and had radio- 
graphic evidence of bronchopulmonary dysplasia. The treatment 
group (n = 19) and the placebo group (n = 15) were similar in all 
respects except for distribution of gender. Anthropometrics, ventila- 
tory measurements, and the results of pulmonary function tests were 
evaluated at study entry and at 1, 4, and 8 weeks into therapy. 
Poststudy chest radiographs were compared with those obtained 
before the study. The proportion of infants alive at discharge was 
significantly increased (84%) in the treatment group compared with 
the placebo group (47%) (p = 0.05). There were no statistically 
significant differences in total hospital days or in total ventilator days. 
Tota! respiratory system compliance at 4 weeks was higher in the 
treatment group (0.61 + 0.18) than in the placebo group (0.45 + 
0.13) (p = 0.016). No difference in outcome was detected between 
male and female infants in the treatment group. These results suggest 
that long-term diuretic therapy improves outcome in infants with 
bronchopulmonary dysplasia. 


Indomethacin reduces the risks of severe intraventricular hem- 
orrhage. Bada HS, Green RS, Pourcyrous M, et al. (HSB, Newborn 
Center, 853 Jefferson Ave., Rm. 201, Memphis, TN 38163). J Pediatr 
115:631-637, 1989 


A prospective, random selection, double-blind clinical trial was 
carried out to determine the efficacy of indomethacin in preventing 
periventricular-intraventricular hemorrhage (PV-IVH). Babies who 
were born in our institution, had birth weights <1500 gm. and had 
no PV-IVH or grade 1 PV-IVH were given either placebo (n = 70) or 
indomethacin (n = 71), 0.2 mg/kg intravenously at 6 hours of age 
and 0.1 mg/kg at 18 and 30 hours. Two major outcomes were 
determined: the development of grades 2 to 4 PV-IVH and the 
development of severe PV-IVH (i.e., hemorrhages with blood filling 
>50% of the ventricles and in some cases with associated parenchy- 
mal echodensities). Grades 2 to 4 PV-IVH occurred in 16 (23%) of 
the indomethacin group and 27 (39%) of the placebo group (p < 
0.03). The incidence of severe PV-IVH was 3% in the indomethacin- 
treated babies and 14% in the control group (p < 0.02). The influence 
of other perinatal factors on the incidence of grades 2 to 4 or severe 
PV-IVH was determined by stepwise logistic regression. Placebo use, 
early grade 1 PV-IVH, lower birth weight, and higher fraction of 
inspired oxygen at 6 hours of life were associated with higher 
estimated odds of the development of grades 2 to 4 PV-IVH. Placebo 
use, male gender, lower 5-minute Apgar score, and a large base 
deficit were predictive of severe PV-IVH. Estimated odds ratios of 
severe PV-IVH with placebo use and male gender were 11.25:1 and 
9:1, respectively. Thus indomethacin prophylaxis reduced the relative 
risk of grades 2 to 4 PV-IVH and severe PV-IVH, but other perinatal 
variables contributed significantly to the overall risk of PV-IVH. 


The Journal of Nuclear Medicine 


A comparison of single and multi-site BMC measurements for 
assessment of spine fracture probability. Wasnich RD, Ross PD, 
Davis JW, Vogel JM (RDW, University of Hawaii, John A. Burns 
School of Medicine and Kuakini Medical Center, Osteoporosis Center, 
347 N. Kuakini St., Honolulu, HI 96817). J Nucl Med 30:1166-1171, 
1989 


In a prospective study of 699 women, 39 new spine fracture cases 
were observed during a mean follow-up of 3.6 yr. Spine fracture 
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incidence was compared to initial bone mineral content (BMC) of the 
calcaneus, distal radius, proximal radius, and the lumbar spine. BMC 
at all four sites was significantly related to spine fracture incidence. 
Women at —1 s.d. for calcaneal BMC had a sevenfold greater 
probability of spine fracture than women at +1 s.d.; women at —2 
s.d. had a 50-fold greater probability than women at +2 s.d., even 
after adjustment for the effects of age. Combinations of BMC at two 
sites further strengthened the relationship to spine fracture; the best 
two-site combination is calcaneus and distal radius BMC. Thus 
women can be categorized and stratified according to future fracture 
risk, and the selection of postmenopausal women for preventive 
treatments can be guided by measurements of BMC. 


Gastrointestinal Radiology 


Anal endosonography: technique and normal anatomy. Law PJ, 
Bartram Cl (CIB, Dept. of Radiology, St. Mark’s Hospital, City Rd., 
London, EC1V 2PS, England). Gastrointest Radio! 14:349-353, 1989 


Anal endosonography using a specially designed hard cone attach- 
ment to a radial 7-MHz probe has been performed in 26 normal 
patients—3 patients following lateral anal sphincterotomy, 1 patient 
undergoing electromyophysiological mapping of the external anal 
sphincter, and in 2 resected specimens. The examinations were rapid, 
simple, and well tolerated, and they provided high-resolution images 
of the five layers of the anal canal: mucosa, submucosa, internal anal 
sphincter, intersphincteric plane, and external anal sphincter. Views 
of the ischiorectal fossa were limited. The configuration of the anterior 
part of the external anal sphincter differed between males and fe- 
males. 


Sonographic changes of the pancreas in chronic renal failure. 
Lerch MM, Riehl J, Mann H. Nolte |, Sieberth H-G, Matern S (MML, 
Med. Klinik Ill, Klinikum der RWTH, 5100 Aachen, Federal Republic 
of Germany). Gastrointest Radiol 14:311-314, 1989 


Several abnormalities regarding pancreatic morphology and func- 
tion have been reported in patients with chronic renal failure (CRF) 
with an incidence as high as 72%. In a prospective study we inves- 
tigated 96 outpatients from our chronic ambulatory hemodialysis 
program by abdominal ultrasound. Of the patients with CRF, 20.6% 
were found to have morphologic alterations of the pancreas com- 
pared to 4.7% of controls. Although pathologic sonograms of the 
pancreas correlated with biliary disease, hyperparathyroidism and 
years of hemodialysis, the most obvious etiologic factor appeared to 
be the duration of CRF. Possible pathogenetic mechanisms are 
discussed and screening abdominal ultrasound examinations in pa- 
tients with long-standing CRF are recommended. 


Value of ERCP in the diagnosis and management of pre- and 
postoperative biliary complications in hydatid disease of the liver. 
Magistrelli P, Masetti R, Coppola R, et al. (RM, Istituto di Semeiotica 
Chirurgica, Universita Cattolica del Sacro Cuore, Largo A. Gemelli 8, 
00168 Rome, Italy). Gastrointest Radiol 14:315-320, 1989 


Twenty-nine patients with symptomatic hydatid disease of the liver 
were evaluated preoperatively by endoscopic retrograde cholangio- 
pancreatography (ERCP) in the years 1982-1987. In the same period, 
6 patients who previously underwent surgery for the parasitic disease 
also underwent ERCP because of postoperative symptoms of biliary 
obstruction. 

Findings at ERCP excluded biliary tract involvement in 11 cases. 
Positive findings were shown in 24 patients, including compression 
of the bile ducts in 4, small cysto-biliary communications in 5, intra- 
biliary rupture in 9, residual hydatid material in the common bile duct, 
and sclerosing cholangitis in 3. 

Endoscopic removal of migrated hydatid debris was achieved in 8 
patients, avoiding reoperation in 4. 
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Cronkhite-Canada syndrome: radiologic features. Dachman AH, 
Buck JL, Burke AP, Sobin LH (AHD, Dept. of Radiology/Nuclear 
Medicine, USUHS, 4301 Jones Bridge Rd., Bethesda, MD 20814- 
4799). Gastrointest Radiol 14:285-290, 1989 


We report 6 cases of Cronkhite-Canada syndrome, analyze the 
patterns of involvement, and review the literature on this entity. There 
were 4 women and 2 men, with an average age of 58 years. The 
Stomach was diseased diffusely in 5 and focally (distally) in 1. Small 
bowel polyps were detected in 4 patients. Patterns of involvement 
were Classified as (a) innumerable small polyps Carpeting large areas, 
(b) scattered varying-size polyps, and (c) sparse involvement with 
few small polyps. There was concordance of patterns between the 
Stomach and colon in 5 of the 6 patients. 


Pediatric Radiology 


Cerebral blood flow in newborn infants with and without mechan- 
ical ventilation. Vergesslich KA, Weninger M, Ponhold W, Simbruner 
G (KAV, Universitats-Kinderklinik, Wahringer Gürtel 18-20, A-1090 
Wien, Austria). Pediatr Radiol 19:509-512, 1989 


The influence of mechanical ventilation with low mean airway 
pressure (MAP) on cerebral blood flow (CBF) velocity in newborn 
infants was assessed in fifteen ventilated infants by Duplex Doppler 
Sonography (Duplex DS). As a control, CBF velocities were examined 
in 15 age and weight matched non-ventilated infants. For quantitation, 
maximal systolic velocity, enddiastolic velocity and the semiquanti- 
tative Pourcelot index were determined as representative flow vari- 
ables. There was no significant difference of these flow variables 
between ventilated and non-ventilated infants. The pH, pO; anc pCO, 
did not differ significantly between the two groups and there was no 
correlation between the flow variables, pH, pO2, pCO; or MAP. 
Mechanical ventilation with low MAP is not associated with adverse 
effects on cerebral hemodynamics in newborn infants when sigrificant 
alterations of the blood gases are avoided. 


Balloon dilatation of post-surgical ano-rectal strictures in two 
infants. Wilder WM, Melhem RE (WMW, Dept. of Radiology, Univer- 
sity of South Alabama Medical Center, 2451 Fillingim St., Moble, AL 
36617). Pediatr Radiol 19:527-529, 1989 


Balloon dilatation of ano-rectal strictures offers an alternative to 
surgical repair of such lesions. This procedure has been described in 
higher colonic strictures secondary to necrotizing enterocoitis in 
infants but not in post-surgical ano-rectal strictures. Two cases of 
successful balloon dilatation are reported. Anal sphincter injury re- 
sulting in fecal incontinence, as previously reported [1], did not occur. 
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Journal of Ultrasound in Medicine 


Ultrasonographic diagnosis of melanoma metastases in liver, 
gallbladder, and spleen. Stutte H, Müller PH, d’Hoect B, Stroebel 
W (HS, Dermatological Clinic, University of Tubingen, Federal Repub- 
lic of Germany). J Ultrasound Med 8:541-547, Oct. 1989 


Ultrasonographic findings in the liver, gallbladder, and spleen of 42 
patients with metastatic melanoma of the skin are described in a 
retrospective study stressing sonomorphologic results. Liver metas- 
tases were detected in 27 (64%) of the patients. Clinically asympto- 
matic melanoma metastases were found in the gallbladder of three 
patients and in the spleen of three others. The liver metastases were 
Still in the initial stages in 10 patients, whose survival times averaged 
8.4 months. The significance of upper abdominal ultrasonography in 
assessing the spread of metastasizing malignant melanoma during 
follow-up is emphasized. 


Reprinted with permission by the American Institute of Ultrasound in Medi- 
cine. 


Journal of Computer Assisted Tomography 


Radiologic screening for von Hippel-Lindau disease: the role of 
Gd-DTPA enhanced MR imaging of the CNS. Filling-Katz MR, 
Choyke PL, Patronas NJ, et al. (MRF-K, Dept. of Neurology, Univer- 
sity of Louisville, Louisville, KY 40202). J Comput Assist Tomogr 
13(5):743-755, Sept./Oct. 1989 


Thirty-seven members of a family with von Hippel-Lindau disease 
(VHL) were prospectively screened for CNS hemangioblastomas; 10 
family members were previously known to have VHL. Radiographic 
Studies included noncontrast magnetic resonance (MR) imaging of 
the head (all patients) and spine (34 patients) and contrast-enhanced 
CT (CCT) of the head (all adult patients). Eleven patients had Gd- 
DTPA enhanced MR (CMR) of the head and 10 patients had CMR of 
the spine. Sixteen patients had radiographic evidence of CNS he- 
mangioblastomas and all but six patients were symptomatic. Using 
comparable studies, CMR of the head demonstrated more lesions 
than the other modalities (31, 22, and 19 for CMR, MR, and CCT, 
respectively). Furthermore, CMR better separated tumor from edema, 
as well as cystic from solid components. Contrast enhanced MR was 
superior to noncontrast MR of the spine in lesion detection (31 vs. 4; 
p < 0.001). Noncontrast MR was particularly limited in four patients 
with syringomyelia. We conclude that postcontrast MR of the head 
and spine is the best currently available means of detecting heman- 
gioblastomas associated with VHL. 


FORTHCOMING ARTICLES 


SPECIAL ARTICLES 


Hemostatic evaluation before abdominal interventions: an over- 
view and proposal. Silverman SG, Mueller PR, Pfister RC 

Commentary. Assessing hemostatic function before abdominal 
interventions. Rapaport J 


CHEST RADIOLOGY 


The spectrum of pulmonary sequestration: a review. Felker RE, 
Tonkin ILD 

Mediastinal lymph node enlargement on CT scans in usual inter- 
stitial pneumonitis. Bergin C, Castellino RA 

CT demonstration of calcification in carcinoma of the lung. Ma- 
honey MC, Shipley RT, Corcoran HL, Dickson BA 

Case report. Cystic teratoma of the mediastinum: demonstration 
of fat/fluid level. Fulcher AS, Proto AV, Jolles H 


BREAST RADIOLOGY 


Technical note. A new device for evaluation of biopsy specimens 
of occult breast lesions. Lindfors KK, Lott SA, Alberhasky MT 

Radiation dose reduction of a new film and screen combination: 
a mammographic clinical trial. Wojtasek DA, Teixidor HS, Govoni 
AF, Gareen IF 


GASTROINTESTINAL RADIOLOGY 


Clinical and radiographic features of malignant neoplasms in 
organ transplant recipients: cyclosporine-treated vs untreated 
patients. Honda H, Barloon TJ, Franken EA Jr, Garneau RA, 
Smith JL 

Sonographic diagnosis of perforation in patients with acute ap- 
pendicitis. Borushok KF, Jeffrey RB Jr, Laing FC, Townsend RR 

Technical note. Double-contrast enema: a simplified method for 
filling the colon. Gelfand DW, Ott DJ 

Limitations in the CT diagnosis of acute diverticulitis: radiographic 
and pathologic correlation. Balthazar EJ, Megibow A, Schinella 
RA, Gordon R 

Doppler color flow imaging of liver tumors. Tanaka S, Kitamura T, 
Fujita M, Nakanishi K, Okuda S 

Pictorial essay. The differential diagnosis of ringed hepatic le- 
sions in MR imaging. Hahn PF, Stark DD, Saini S, et al. 

Gallstone extracorporeal shock-wave lithotripsy: time and treat- 
ment considerations. Ne/son RC, Rowland GA, Torres WE, Baum- 
gartner BR 


GENITOURINARY RADIOLOGY 


The value of MR imaging in distinguishing uterine leiomyomas 
from other solid pelvic masses when sonography is indetermi- 
nate. Weinreb JC, Barkoff ND, Megibow A, Demopoulos R 

Perspective. Current status of adult uroradiology: a survey of 
members of the Society of Uroradiology. Barloon TJ, Brown RC, 
Berbaum KS 

Case report. Pericaliceal varices due to the nutcracker phenom- 
enon. Trambert JJ, Rabin AM, Weiss KL, Tein AB 

Case report. Intratumoral fat in a renal oncocytoma mimicking 
angiomyolipoma. Curry NS, Schabel SI, Garvin AJ, Fish G 


MUSCULOSKELETAL RADIOLOGY 


The frequency and diagnostic significance of periostitis in chon- 
droblastoma. Brower AC, Moser RP, Kransdorf MJ 


Pictorial essay. CT of degenerative arthritis of the atlantoodontoid 
joint. Genez BM, Willis JJ, Lowrey CE, et al. 

Diagnostic imaging of the temporomandibular joint: recommen- 
dations for use of various techniques. Helms CA, Kaplan P 

Masses of the hand and wrist: detection and characterization 
with MR imaging. Binkovitz LA, Berquist TH, McLeod RA 

Scintigraphic findings in patients with shoulder pain caused by 
interleukin-2. Baron NW, Davis LP, Flaherty LE, Muz J, Valdivieso 
M, Kling GA 

Spontaneous osteonecrosis of the knee: value of MR imaging to 
determine prognosis. Bjérkengren AG, AlRowaih A, Lindstrand A, 
Wingstrand H, Thorngren K-G, Pettersson H 

Is MR better than arthrography for the evaluation of the ligaments 
of the wrist? in vitro study. Gundry CR, Brahme SK, Schwaighofer 
B, Kang HS, Sartoris DJ, Resnick D 

Case report. Imaging findings in a patient with pentazocine- 
induced myopathy. Schepper AD, Degryse H 


PEDIATRIC RADIOLOGY 


Ultrafast CT of laryngeal and tracheobronchial obstruction in 
symptomatic postoperative infants with esophageal atresia and 
tracheoesophageal fistula. Kao SC, Smith WL, Sato Y, Franken 
EA Jr, Kimura K, Soper RT 


NEURORADIOLOGY 


Loculated intracranial leptomeningeal metastases: CT and MR 
characteristics. Lee Y-Y, Tien RD, Bruner JM, De Pena CA, Van 
Tassel P 

Reversal sign on CT: effect of anoxic/ischemic cerebral injury in 
children. Han BK, Towbin RB, De Courten-Myers GD, McLaurin 
RL, Ball WS Jr 

High-intensity basal ganglia lesions on T1-weighted MR images 
in neurofibromatosis. Mirowitz SA, Sartor K, Gado M 

Three-dimensional gradient-recalled MR imaging as a screening 
tool for the diagnosis of cervical radiculopathy. 7suruda JS, 
Norman D, Dillon W, Newton TH, Mills DG 

Intraocular lesions in patients with systemic disease: findings on 
MR imaging. Tonami H, Tamamura H, Kimizu K, et al. 

Case report. Coloboma: evaluation using real-time sonography. 
Munk PL 


VASCULAR RADIOLOGY 


Color Doppler imaging of portosystemic shunts. Grant EG, Tessler 
FN, Gomes AS, et al. 

Color-Doppler sonographic imaging in the assessment of upper- 
extremity deep venous thrombosis. Knudson GJ, Wiedmeyer DA, 
Erickson SJ, et al. 

Diagnosis of synthetic vascular graft infection: comparison of CT 
and gallium scans. Johnson KK, Russ PD, Bair JH, Friefeld GD 
Invasion of the carotid artery and jugular vein by lymph node 
metastases: detection with sonography. Gritzmann N, Gras/ 

MCh, Helmer M, Steiner E 


COMMENTARY 


Picture archiving and communication systems in Japan: 3 years 
later. Huang HK, Cho PS, Taira R, Ho BK, Chan KK 
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News 





Robert D. Moseley, Jr., Award in Radiation Protec- 
tion in Medicine 


The National Council on Radiation Protection and Measurements 
(NCRP) has announced the initiation of the Robert D. Moseley. Jr., 
Award in Radiation Protection in Medicine. The award will be made 
to a young investigator for an outstanding paper on radiation protec- 
tion in medicine. The awardee will receive $1000 and travel expenses 
to attend the NCRP annual meeting in Washington, DC, April 4-5. 
The deadline for applications is Jan. 15. Information: National Council 
on Radiation Protection and Measurements, 7910 Woodmont Ave., 
Ste. 800, Bethesda, MD 20814; (301) 657-2652. 


Physics and Instrumentation 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, is offering Physics and Instrumentation, 
Jan 8-12. The course is designed for entry-level students; no previous 
knowledge of physics is assumed. The focus is on practical knowl- 
edge that will be immediately useful in performing and interpreting 
sonographic examinations. Hands-on experience with a wide variety 
of sonographic instruments is an integral part of the course. Program 
coordinator: Peter N. Burns. Category 1 credit: 26 hr. Fee: $625. 
Information: Judith Kaneff, Education Coordinator, Division of Diag- 
nostic Ultrasound, Thomas Jefferson University Hospital, 7th Floor, 
Main Bldg., Philadelphia, PA 19107; (215) 928-8533. 


Cross-Sectional Anatomy 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, is offering Cross-Sectional Anatomy, 
Jan. 15-19. The course is divided between a detailed review of 
sectional anatomy and correlation with sonograms. Other correlative 
imaging techniques such as CT and MR are used when appropriate. 
Program coordinator: Carol Williams. Category 1 credit: 27 hr. Fee: 
$625. Information: Judith Kaneff, Education Coordinator, Division of 
Diagnostic Ultrasound, Thomas Jefferson University Hospital, 7th 
Floor, Main Bldg., Philadelphia, PA 19107; (215) 928-8533. 


Abdominal Ultrasound 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, will present Abdominal Ultrasound, Jan. 
22-25, March 26-29, and June 11-14. The course consists primarily 


of lectures supplemented by demonstrations and case reviews. Em- 
phasis is on an integrated approach combining recognition of normal 
sonographic anatomy and typical sonographic patterns of abdominal 
disease. Program coordinator: Wolfgang Dahnert. Category 1 credit: 
27 hr. Fee: $550. Information: Judith Kaneff, Education Coordinator, 
Division of Diagnostic Ultrasound, Thomas Jefferson University Hos- 
pital, 7th Floor, Main Bldg., Philadelphia, PA 19107; (215) 928-8533. 


Park City 1990: MRI Update 


Park City 1990: MRI Update will be held Jan. 22-26 at the Radisson 
Hotel, Park City, UT. Course directors: Robert B. Lufkin and Wendy 
Smoker. Faculty: William Bradley, Rosalind Dietrich, Peggy Fritzsche, 
H. R. Harnsberger, A. N. Hasso, Brad Jabour, Leanne Seeger, John 
Sherman, Eric Spickler, and Louis Teresi. Category 1 credit: 20 hr. 
Fee: physicians, scientists, and company representatives, $450; fet 
lows, residents, military personnel (letter required), nurses, and tech- 
nologists, $350. Information: Park City 1990: MRI Update, 1015 
Gayley Ave., Ste. 1006, Los Angeles, CA 90024. 


Prostate Ultrasound 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, is offering Prostate Ultrasound, Jan. 
26, March 30, and June 15. The program provides an overview of 
both established and recently developed approaches to ultrasound 
of the prostate, with special emphasis on endorectal scanning. It also 
provides practical hands-on experience with a variety of instruments. 
Program coordinator: Matthew D. Rifkin. Category 1 credit: 9 hr. Fee: 
$325. Information: Judith Kaneff, Education Coordinator, Division of 
Diagnostic Ultrasound, Thomas Jefferson University Hospital, 7th 
Floor, Main Bidg., Philadelphia, PA 19107; (215) 928-8533. 


Obstetrics and Gynecology 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, is offering Obstetrics and Gynecology, 
Jan. 29-Feb. 2, March 12-16, and April 16-20. The program covers 
the full range of ultrasound applications in evaluation of the fetus and 
the female pelvis. Approximately two thirds of the program is devoted 
to obstetrics and the remainder to gynecology. The obstetrics part 
includes a thorough review of current techniques of fetal measure- 
ment and presents an orderly approach to assessment of fetal growth 
and well-being, identification of abnormal echo patterns, and estab- 
lishing a differential diagnosis. The gynecologic part emphasizes 
recognition of normal anatomy and characterization of gynecolcgic 
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masses. Hands-on scanning of pregnant patients is not included. 
Program coordinator: Alfred B. Kurtz. Category 1 credit: 30 hr. Fee: 
$625. Information: Judith Kaneff, Education Coordinator, Division of 
Diagnostic Ultrasound, Thomas Jefferson University Hospital, 7th 
Floor, Main Bldg., Philadelphia, PA 19107; (215) 928-8533. 


International Symposium 


The International Symposium on Physics of Medical Imaging & 
Advances in Computer Applications will be held Feb. 21-23 at the All 
India Institute of Medical Sciences, New Delhi, India. Information: Dr. 
M. M. Rehani, Organising Secretary, ISPMICA, Addl. Prof. & Head, 
Medical Physics Unit, IRCH, All India Institute of Medical Sciences, 
New Delhi-110029, India. 


Differential Diagnosis in Radiology 


The Dept. of Radiology, University of Michigan, Medical School, is 
sponsoring Differential Diagnosis in Radiology, March 9-11, in Ann 
Arbor, MI. The course will emphasize a case-solving approach to the 
unknown radiograph. Differential diagnostic features of common ra- 
diographic abnormalities will be stressed in lecture and workshop 
settings. Course director: Kay H. Vydareny. Category 1 credit: 20 hr. 
Fee: $200. Information: Radiology Review Course, Dept. of Radiol- 
ogy, 1500 E. Medical Center Dr., Ann Arbor, MI 48109-0030; (313) 
936-4489. 


Joint American-European Course in Davos, 
Switzerland 


The European Association of Radiology and the Johns Hopkins 
Radiological Alumni Association are sponsoring a joint meeting in 
Davos, Switzerland, April 1-7. The topic this year is the thorax, and 
presentations will include the anatomic and physiologic bases for 
radiologic-pathologic correlation and the diagnostic approach to spe- 
cific pulmonary and cardiac diseases. Both classic and newer diag- 
nostic imaging and interventional techniques will be stressed. The 
format will include small group seminars, exhibits, quizzes, special 
lectures, and a classic film-reading session. Category 1 credit: 40 hr. 
Fee: radiologists, $450; residents, $350. Information: B. G. Brogdon, 
M.D., Dept. of Radiology, University of South Alabama Medical Cen- 
ter, 2451 Fillingim St., Mobile, AL 36617; telephone: (205) 471-7868; 
fax: (205) 471-7882; or Martin W. Donner, M.D., Dept. of Radiology, 
The Johns Hopkins Hospital, Baltimore, MD 21205; (301) 955-7697. 


Ultrasound in Obstetrics and Gynecology 


The Dept. of Radiology, University of Michigan, Medical School, is 
sponsoring Ultrasound in Obstetrics and Gynecology, April 18-20, in 
Ann Arbor, MI. The course is intended for those who have had little 
or no experience with sonography. The lectures will emphasize a 
broad range of both introductory and advanced obstetric and gyne- 
cologic topics. Course director: Richard A. Bowerman. Category 1 
credit: 21 hr. Information: Gayle Fox, Program Assistant, Office of 
Continuing Medical Education, G-1100 Towsley Center, Box 0201, 
University of Michigan, Medical School, Ann Arbor, MI 48109-0201; 
(313) 763-1400. 


Radiation Oncology Clinical Research Seminar 


The Dept. of Radiation Oncology and the Division of Continuing 
Medical Education, University of Florida, and the American Cancer 
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Society, Florida Division, Inc., are sponsoring the 20th annual Radia- 
tion Oncology Clinical Research Seminar, April 26-28, at the Univer- 
sity Centre Hotel, Gainesville, FL. This 3-day interdisciplinary confer- 
ence will emphasize the techniques and results of radiation therapy. 
It will have 1 day of case presentations and 2 days of clinical research 
papers. Visiting professor: L. J. Peters. Category 1 credit: up to 18 
hr. Fee: radiation therapists, $250; residents, $125; radiation therapy 
technologists, $35 for either Friday or Saturday or $60 for both Friday 
and Saturday. Information: William M. Mendenhall, M.D., 1990 Sem- 
inar Coordinator, Dept. of Radiation Oncology, Box J-385, J. Hillis 
Miller Health Center, Gainesville, FL 32610-0385; (904) 395-0316. 


27th Congress of the European Society of 
Paediatric Radiology 


The 27th congress of the European Society of Paediatric Radiology 
will be held in Munich, West Germany, May 14-18. The meeting will 
cover all aspects of pediatric radiology, state-of-the-art techniques in 
diagnostic and interventional imaging, quality assurance, and profes- 
sional practice. Special programs will include a postgraduate course, 
Rational Use of Diagnostic Imaging in Paediatrics, May 14-15, and 
an international symposium, The Status of Paediatric Radiology in 
Europe. The registration deadline is March 1. Fee: postgraduate 
course, DM 250; congress, ESPR members: regular, DM 350; re- 
duced (students and trainees), DM 200; nonmembers: regular, DM 
400; reduced, DM 250. Information: Dr. H. Fendel, Univ.-Kinderklinik, 
Rontgenabteilung, Lindwurmstrasse 4, D-8000 Munchen 2, Federal 
Republic of Germany; telephone: (89) 5160-3161; fax: (89) 5160- 
5388. 


Cleveland Radiological Society Officers 


The Cleveland Radiological Society has announced the names of 
its officers for 1989-1990: James A. Patterson, president; David M. 
Paushter, president-elect; Peter B. O'Donovan, secretary-treasurer; 
John Haaga, past-president; and Gary K. Lammert and Thomas J. 
Masaryk, program chairmen. 


New NCRP Report 


The National Council on Radiation Protection and Measurements 
(NCRP) recently has published Report No. 102, Medical X-Ray, 
Electron Beam, and Gamma Ray Protection for Energies Up to 50 
MeV (Equipment Design, Performance and Use). The report provides 
guidance on the use of diagnostic X-ray—generating equipment, im- 
aging characteristics and patient dose, radiation therapy photon and 
particle beam systems, therapy equipment and calibration guides, 
radiation protection surveys, and working conditions. Report No. 102 
supersedes Report No. 33 published in 1968. The report is available 
from NCRP Publications, 7910 Woodmont Ave., Ste. 800, Bethesda, 
MD 20814. The cost is $17/copy. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Sept. 27-28. Oral examinations will be held at the 
Executive West Hotel in Louisville, KY, June 4-8. The ABR will 
accept applications for admission to the examinations after July 1, 
but not later than Sept. 30, in the year preceding the year in which 
the examination is to be taken. For application forms and further 
information: Office of the Secretary, The American Board of Radiol- 
ogy, 300 Park, Ste. 440, Birmingham, MI 48009. 


Meeting and Course Review 


For the reader's convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 

Visiting Fellowships in Radiology at MGH, times arranged, Boston 
(April) 

Biliary Lithotripsy Visiting Fellowships, times arranged, Philadelphia 
(April) 

Visiting Fellowship in Interventional Radiology, times arranged, 
Baltimore (Sept) 

Visiting Fellowships at UCSF, times arranged, San Francisco (Sept) 
Preceptorships in Transrectal Ultrasound of the Prostate, Ann 
Arbor, MI (Sept) 

Thoracic Imaging ’90, Jan. 7-11, Naples, FL (Sept) 

Fellowships in Biliary Lithotripsy, Jan. 11-13, Feb. 1-3, March 1- 
3, May 3-5, and June 7-9, Baltimore (Dec) 

Automated Percutaneous Discectomy Workshops, Jan. 13-14 and 
Feb. 17-18, San Francisco; April 7-8, Washington, DC (Sept) 
Society of Gastrointestinal Radiologists Annual Meeting and Post- 
graduate Course, Jan. 14-19, Hawaii, HI (Sept) 

Diagnostic Radiology Seminar in Ixtapa, Mexico, Jan. 22-26, 
Ixtapa, Mexico (Sept) 

Doppler Velocimetry in Clinical Obstetrics, Jan. 24, March 14, and 
April 25, Baltimore (Nov) 

Midwinter Radiological Conference, Jan. 26-28, Los Angeles (Sept) 
Diagnostic Radiology and Nuclear Medicine, Jan. 27-Feb. 3, St. 
Thomas, U. S. Virgin Islands (Oct) 

Coronary Atherosclerosis: New Diagnostic and Therapeutic Ap- 
proaches, Jan. 28-Feb. 1, Orlando, FL (Sept) 

Mid-Pacific Radiological Conference, Jan. 30-Feb. 3, Maui, HI 
(Sept) 

Society for Pediatric Radiology Research and Education Grants, 
deadline for submission of applications, Feb. 1, (Nov) 

14th Annual Big Sky Radiology Conference, Feb. 4-8, Big Sky, MT 
(Dec) 

Computed Body Tomography 1990—The Cutting Edge, Feb. 8- 
11, Orlando, FL (Nov) 

Intermountain Imaging Conference, Feb. 10-17, Steamboat 
Springs, CO (Oct) 

XV Interamerican Congress of Radiology, Feb. 11-16, Caracas, 
Venezuela (Aug) 

Interventional Radiology 1990: Vascular and Biliary Updates, Feb. 
11-16, Snowbird, UT (Oct) 

Practical Radiology 1990, Feb. 11-16, Vancouver, B.C. (Nov’ 

8th Annual Uroradiology Course, Feb. 14-15, Bethesda, MD (Dec) 
Palm Beach MR Imaging Update, Feb. 18-21, Palm Beach, FL (Dec) 
Imaging the Central Nervous System (Including the Spine), Feb. 
18-23, Tucson, AZ (Oct) 

Masters Diagnostic Radiology Conference, Feb. 18-23, Big Island 
of Hawaii, HI (Dec) 


Winter Imaging Seminar, Feb. 19-23, Cancun, Mexico (Dec) 

Sun Valley Imaging, Feb. 24—March 4, Sun Valley, ID (Nov) 
International Conference on Gallstones and Their Management, 
Feb. 25-28, Jerusalem, Israel (May) 

LSU Seminar at Aspen, Feb. 25-March 2, Aspen, CO (Dec) 
Neuroradiology and Body Imaging, Feb. 26-March 2, Acapulco, 
Mexico (Nov) 

Interventional Radiology in Cardiovascular Pathology, Feb. 28- 
March 2, Toulouse, France (Aug) 

Philadelphia Symposium on Biliary Lithotripsy, March 1-3, Phila- 
delphia (Nov) 

Skeletal Symposium, March 5-9, Sun Valley, ID (Dec) 

Current Topics in Diagnostic Imaging, March 12-16, Cerromar 
Beach, Puerto Rico (Nov) 

Ultrasound 1990, March 13-16, Boston (Nov) 

Pediatric Radiology 1990, March 15-17, Philadelphia (Dec) 

Basic Concepts of Swallowing and Swallowing Disorders, March 
21, Baltimore (Nov) 

Symposium on Dysphagia Ill, March 22-23, Baltimore (Nov) 

Yale Symposium on Duplex and Color Doppler Ultrasound, March 
22-23, New Haven, CT (Dec) 

Skeletal Radiology 1990, March 31-April 5, Scottsdale, AZ (Nov) 
Society of Computed Body Tomography Annual Course, April 2- 
6, Palm Springs, CA (Nov) 

National Council on Radiation Protection and Measurements An- 
nual Meeting, April 4-5, Washington, DC (Nov) 

Radiation Research Society Annual Meeting, April 7-12, New 
Orleans (Nov) 

Clinical Nuclear Medicine 1990, April 23-26, Cambridge, MA (Nov) 
International Symposium on Diagnostic Imaging, April 23-27, Bar- 
celona, Spain (Dec) 

American Association of Physicists in Medicine Spring Seminar. 
April 27-29, San Diego, CA (Dec) 

Congress of the European Federation of Societies for Ultrasound 
in Medicine and Biology, May 6-11, Jerusalem, Israel (May) 

Biliary Calculus Disease, May 7-9, Boston (Nov) 

Diagnostic Imaging in Musculo-Skeletal Radiology, May 10-11, 
Glasgow, Scotland (Dec) 

Cardiovascular and Interventional Radiology, May 13-18, Brus- 
sels, Belgium (Dec) 

Musculoskeletal MRI for Orthopedists and Radiologists, May 28- 
June 1, Sonesta Beach Hotel. 

Italian Society of Radiology and Nuclear Medicine, May 30-June 
3, 1990, Turin, Italy (Nov) 

American College of Medical Physics Annual Meeting, June 7-10, 
Austin, TX (Dec) 

Nuclear Medicine Technology Certification Examinations, June 23 
and Sept. 22; application deadlines, April 21 and July 21, respectively 
(Nov) 

International Course in Cardiovascular Interventional Radiology, 
July 11-13, Leeds, United Kingdom (Dec) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double-spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJA Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037-3218. 








Invitation to the 1990 American Roentgen Ray Society 
Meeting in Washington, DC, May 13-18, 1990 


| am pleased to extend an invitation to all radiologists to 
attend the 90th annual meeting of the American Roentgen 
Ray Society in Washington, DC, May 13-18, 1990. In keep- 
ing with the ARRS tradition, outstanding scientific and social 
programs will be provided. 

The excitement of a meeting set in Washington, DC, re- 
quires no further description. The opportunity for busy radio- 
logists to attend a major national meeting while enjoying all 
that Washington, DC, has to offer is ideal. 

The scientific program, instructional courses, and categori- 
cal course are certain to be interesting and informative (see 
schedule below). 


Scientific Program 


Two hundred scientific papers have been selected from 
more than 400 abstracts. Scientific sessions will be devoted 
to all major body systems, angiography, interventional tech- 
niques, sonography, and mammography, as well as technolo- 
gies. Special emphasis has been placed on discussion of new 
developments. 


Summary of 1990 American Roentgen Ray Society Meeting 


The innovative and extremely well-received Friday morning 
minisymposium is entitled “Musculoskeletal Radiology Up- 
date 1990.” An outstanding faculty has been assembled for 
what | am sure will be a very stimulating program. 


Instructional Courses 


Joseph T. Ferrucci, Chairman of the Instructional Course 
Committee, has put together 60 instructional courses. Fac- 
ulty members have been drawn from across the entire coun- 
try. A superlative educational experience is anticipated, and 
advance registration is recommended. 


Categorical Course 


An extraordinary categorical course on cardiovascular- 
interventional radiology has been fashioned. The course cov- 
ers all aspects of the field, including equipment and principles 
of diagnosis. This course is certain to be popular, and ad- 
vance registration is advised. 


Cenc nnn Sl 








Sunday Monday Tuesday 
May 13 May 14 May 15 
8-9:30 8-9:30 
Instructional Instructional 
courses courses 
10-12:30 10-10:30 
Categorical course: Opening cere- 
cardiovascular- monies 
interventional 
radiology 
10:30-12:30 10-12:30 
Scientific programs Scientific programs 
2-3 1:30-3:15 1:30-3:30 


Categorical course: 


cardiovascular- 


Categorical course: 


cardiovascular- 


Scientific programs 


interventional interventional 

radiology radiology 
3:30-5 3:45-5:15 4-5:45 
Categorical course: Instructional Instructional 


cardiovascular- 


courses and cate- 


courses and cate- 


interventional gorical course: gorical course: 

radiology cardiovascular- cardiovascular 
interventional interventional 
radiology radiology 





Wednesday Thursday Friday 
May 16 May 17 May 18 
8-9:30 8-9:30 8-10 

Instructional Instructional Symposium: 
courses courses musculoskeletal 
imaging update 

10-12:30 10-12:30 10:30-12:30 

Scientific programs Scientific programs Symposium: 


1:30-3:30 
Caldwell lecture and 
award session 


4-5:30 

Instructional 
courses and cate- 
gorical course: 


1:30-3:30 
Scientific programs 


4-5:45 
Instructional 


courses and cate- 


gorical course: 


cardiovascular- cardiovascular- 
interventional interventional 
radiology radiology 


musculoskeletal 
imaging update 
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Scientific Exhibits 


The 220 scientific exhibits coordinated by John Madewell 
will cover the entire breadth of the field of diagnostic radiol- 
ogy. The technical exhibits will be integrated among the sci- 
entific exhibits to enhance the interaction of the attendees 
with our technical exhibitors. 


Caldwell Lecture 


U.S. Supreme Court Justice Sandra Day O’Connor has 
agreed to present the Caldwell Lecture at the 1989 meeting. 
The title of Justice O’Connor’s presentation will be “Our Fed- 
eral Courts.” This promises to be one of the highlights of the 
meeting. 


Forthcoming ARRS Meeting Information 
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Social Events 


Washington, DC, offers an unlimited number of diversions, 
and Abner M. Landry, Jr., Chairman of the Annual Meeting 
Committee, has engaged a Washington DC-based tour con- 
sultant to plan a variety of outstanding tours. The annual golf 
and tennis tournaments for attendees and their companions 
are scheduled for Monday. The traditional cocktail party 
given by the society in the exhibit area for all registrants will 
be Tuesday evening and will provide a convenient meeting 
place before an evening on the town. 

This promises to be a truly outstanding event in excep- 
tional surroundings. | hope you will be able to accept our 
invitation. Plan now to attend. 

M. Paul Capp 
President-Elect, ARRS 


Details of the American Roentgen Ray Society Meeting in Washington, DC, May 
13-18, 1990, will appear in the February and March 1990 issues of the AJA. Informa- 


tion about the scientific program, instructional programs, and social events and hotel 
and travel forms will be published in the Journal. 
See pages 218-219 of this issue for more information concerning the meeting. 





Categorical Course in Cardiovascular and Interventional Radiology 


American Roentgen Ray Society 90th Annual Meeting 


May 13-18, 1990, Sheraton Washington Hotel, Washington, DC 


Course Director, William J. Casarella, M.D. 
Course Co-Director, Charles B. Higgins, M.D. 


Sunday, May 13 


10:00-10:30 Basic Physical Principles of MRI in the Cardiovascular System (Sprawls) 
10:30-11:00 MRI of the Great Vessels (Dinsmore) 
11:00-11:30 MRI of Pericardium, Cardiac Masses, and Cardiomyopathy (Baron) 
11:30-12:00 MRI of Congenital Heart Disease (Gomes) 
12:00-12:30 MRI of Ischemic Heart Disease (Pettigrew) 
12:30-2:00 Lunch Break 
2:00-2:30 MRI of Valvular Disease (Higgins) 
2:30-3:00 MR Angiography (Edelman) 
3:00-3:30 Coffee Break 
3:30-4:30 An Overview of Cardiac Ultrasound: Its Strengths and Weaknesses (Jaffe) 
4:30-5:00 Physical Principles of Doppler Ultrasound (Kremkau) 
Monday, May 14 
1:30-2:30 Doppler Ultrasound in the Carotid and Peripheral Circulation (Merritt) 
2:30-3:15 Ultrasound of Intracranial Circulation (Ackerman) 
3:15-3:45 Coffee Break 
3:45-4:30 PET Cardiac Imaging: Radiopharmaceuticals, Technique, and Results (Schelbert) 
4:30-5:15 Doppler Ultrasound Studies of the Abdominal Vessels and Viscera (Nelson) 


Tuesday, May 15 


3:45-4:30 SPECT Cardiac Imaging: Radiopharmaceuticals, Technique, and Results (DePuey) 
4:30-5:15 Ultrasound of Peripheral Venous Disease (Dorfman) 
5:15-5:45 Peripheral Vascular Studies in Nuclear Medicine (Ziffer) 
Wednesday, May 16 
3:45-4:45 Overview of Current Status of Percutaneous Transluminal Angioplasty of Peripheral Vessels 
(Schwartzen) 
4:45-5:30 Renal Angioplasty (Sos) 
Thursday, May 17 
3:45-4:15 Intravascular Stents (Pa/maz) 
4:15-5:00 Intravascular Lasers: What’s Good and What Isn't (van Breda) 


5:00-5:45 Embolotherapy: Current Trends and Future Prospects (White) 





1990 ARRS Meeting Summary, May 13-18, 1990 
Washington, DC 


A comprehensive description of the meeting, including the instruc- 
tional courses and the Friday symposium, will appear in the February 
issue of the AJP. Meeting and registration forms also will be found in 
the February and March issues. These may be photocopied. 


Accreditation 


All courses amd scientific sessions carry AMA Category 1 credit on 
an hour-for-hour basis. 


Meeting Format 


Scientific Pragram. Sessions will be grouped in parallel sessions 
so that registrants may choose topics related to their interests. A 
total of 189 scientific papers will be presented, Monday-Thursday, 
May 14-17. In addition, on Wednesday, May 16, the afternoon ses- 
sion will feature award papers and the Caldwell Lecture, which will 
be delivered by U.S. Supreme Court Justice Sandra Day O'Connor. 
(Special Note: Companions and spouses of registered meeting at- 
tendees are welcome to attend the Caldwell Lecture presented by 
Justice O'Connor.) On Friday, May 18, there will be a special 4-hr 
symposium, Current Topics in Musculoskeletal Imaging. 

Categorical Course in Cardiovascular-Interventional Radiology. 
This 15.5-hr course will be Sunday-Thursday. 

Luncheon Sessions. Registrants may enroll in special luncheon 
sessions, Moncay—Thursday. A box lunch will be provided. 


Exhibits 


Scientific and Technical Exhibits and Case of the Day Presenta- 
tions will be presented in the exhibit hall of the Sheraton Washington 
Hotel, Monday-Thursday, May 14-17. The Case of the Day will be 
presented by Margaret Stull of Georgetown University Hospital, 
Washington, DC. 


Local Activities 


General Reception. Tuesday evening, May 15, for all registrants. 

Golf Tournament. Monday, May 14, Kenwood Country Club. 
Transportation ‘eaves the hotel at 11 a.m.; shotgun start is at 12:30 
p.m. 

Men's and Women's Tennis Tournaments. Monday, May 14, at the 
Kenwood Country Club. 

Local Tours. See February issue of the AJR for a description of the 
activities and registration forms. 


Meeting Registration 


Preregistration will be accepted until April 27. There will be on-site 
registration. Official badges and program books will be available at 
the registration desk, Sheraton Washington Hotel. No confirmations 
will be mailed. 


Course Registration 


Register early—enrollment is limited. List first, second, and third 
choices for each period. Also, indicate whether you wish to take the 
categorical course. Deadline for mail registrations is April 27. All 
ticket orders will be filled by postmark. Course tickets will aot be 
mailed. Tickets will be available on and after Sunday, May 13 (after 1 
p.m.), at the ARRS registration desk in the Sheraton Wastington 
Hotel. There will be on-site registration for courses not already filled. 


Hotel Registration 


Reservations are handled by the ARRS Housing Bureau, Sreraton 
Washington Hotel, Attn: Reservations Office, 2660 Woodley Rd., 
Washington, DC 20008. These must be received by April 13. Make 
check payable to Sheraton Washington Hotel. See reservation form 
in February AJA for prices and complete instructions. 


Fees 
Meeting: 
ARRS members and resident members............. No fee 
Nonmembers ......5..42.5005n00u00veaduwepeben $250 
Nonmember physicians in training (with verification) ... . 25 
Categorical course (all who attend)................ T9 
Luncheon sessions/each ....................... 12 
Goi oumae ....2c. 2h a6 as oc os Wace ane ae WAG ROS F9 
ToS GUNA x a5. itt e r ea a be Hes 50 
Eos Ga T e P E EEE E E EE E E EE 20-75 


Cancellations and Fee Refunds (Excluding Hotel Fees) 


Fees will be refunded only if cancellation is received by April 27, 
1990. Send to American Roentgen Ray Society, 1891 Prestor White 
Drive, Reston, VA 22091. 


Transportation Discounts 


United Airlines is offering discounts, up to 40%, on airfares. Call 
(800) 521-4041 and mention ARRS account number 0053D. 

Hertz Rent A Car is offering special rates on car rentals. Call (800) 
772-3773 and mention that you are attending the American 
Roentgen Ray Society annual meeting. 
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Information and Application for Membership in the 
American Roentgen Ray Society 


General Information 


The American Roentgen Ray Society, founded in 1900, has been a forum for progress in radiology since shortly after the discovery of X-rays. 
From its beginning and continuing to today, the ARRS has been guided by dedication to the goal of the advancement of medicine through the 
science of radiology and its allied sciences. 


The goal of the ARRS is maintained through an annual scientific and educational meeting, and through publication of the American Journal of 
Roentgenology. 


The annual meeting consists of instructional courses, scientific sessions, a symposium, scientific exhibits, and commercial exhibits. A special 
categorical course is also offered. Category | CME credits are available on an hour-for-hour basis. 


The monthly American Journal of Roentgenology is a highly respected peer review journal with a worldwide subscription base. For over 75 
years the AJR has been accepted as one of the best specialty journals available in the world, and this reputation grows each month. 


A recently developed quarterly ARRS newsletter keeps members informed of events and general Society news. 


Application Instructions 
Candidates for Active Membership 


1. An Active member must be a graduate of an approved medical school or hold an advanced cegree in one of the physical, chemical or 
biological sciences and be certified by the American Board of Radiology, the American Osteopathic Board of Radiology, the Royal College 
of Physicians of Canada, or document training and credentials that are adequate to qualify for membership. Active members shall actively 
practice radiology or one of its branches in the United States or Canada. Such members are eligible to participate in all activities of the 
Society, including membership on committees, and have full voting privileges. 


2. Application must be on an official form, signed by the applicant and at least two members of the American Roentgen Ray Society, active or 
emeritus, in good standing, who endorse the applicant. 


3. Application fee is $50 (payable when billed for dues). 


4. Annual dues are $125, payable on January 1 of each year following the initial year. First year dues will be invoiced following candidate 
election at the annual meeting. Of this amount, $50 is for a 1-year subscription to the American Journal of Roentgenology, beginning with 
the July issue following election to membership. 


5. Application must be received by February 1 for action during the current year’s meeting. 


Candidates for In-Training Membership 


1. In-training members must be serving in a radiology residency program approved by the Radiology Residency Review Committee, the 
American Osteopathic Board of Radiology, or the Royal College of Physicians of Canada, or in an approved post-residency fellowship, or 
be a postgraduate student in an allied science. Training status must be verified by the program director. In-training members have special 
consideration in fees and subscription rates to the Society journal. Such members cannot hold Society offices or vote. 


2. Application must be on an official form and signed by the applicant and by the applicant's training or residency program director. 


3. In-training status is limited to a maximum of five years Starting with the entrance date into the radiology residency. In the last year, each in- 
training member will receive an application for active membership from the Society. Those who do not apply for transfer to active membership 
shall be dropped from membership at the end of the fifth year, but can later apply as anew member through the process outlined for active 
Status. 


4. There is no application fee. Annual dues are $25. Membership includes a subscription to the American Journal of Roentgenology and 
admission to the annual meeting without payment of the registration fee. 


5. Membership applications will be acted on when received. 


Corresponding Membership 


A corresponding member must meet the qualifications of active membership, but reside and practice in a foreign country. Corresponding 
members shall pay dues and fees, but shall not have the privileges of voting nor of holding elective office. 


All Applicants 


1. Do not remit application fee or dues until requested. 

2. Send completed forms to: American Roentgen Ray Society 
1891 Preston White Drive 
Reston, Virginia 22091 


DETACH HERE 





For ARRS 


Office Use AMERICAN ROENTGEN RAY SOCIETY 
Data Rotid snc APPLICATION FOR MEMBERSHIP 


|.D.# 





E ee re Category of Membership: O Active 
(Check One) O Corresponding 
O In-Training 
Name (Please Print) te ee, Dgr) 
First Initial Last 
Mailing Address St asc a O Me 
Street/Box 
: Telephone ( ) 
City/State/Country Zip Code 





A. Education: (List name of institution, years attended, and degree and type received.) 


Undergraduate: 


Graduate (Medical School, Graduate School, etc.): 


Postgraduate (Internship, Residency, Fellowship, etc.): 


B. Licensure: 


De Co Be fot, is, |e 
(Type) (State, Province, etc.) 


C. Appointments/Memberships: (In-Training applicants: skip to Section F on reverse.) 


Present Appointments: Academic 


Hospitals 


Memberships in Scientific Societies: 


Offices or Committee Assignments: 


Government Service (Military or Civilian) 
(Position) (Years) 





D. Credentials: 


| hereby certify that | was issued a certificate of qualification in | 
(Specialty) 


| ee em 5 6 5 _— 
(Year) (Name of Qualifying Board) 


Other Credentials: 


Signature: 





E. References: 


We, active or emeritus members in good standing of the American Roentgen Ray Society, and acquainted with the 
applicant, do recommend him/her for membership in the Society. (Two references are required.) 


Name (Pisase Print) 1; 2. 2 


Address 


Signatures: 


eee 
F. IN-TRAINING APPLICANTS MUST COMPLETE THIS SECTION 


Credentials: 





| certify that | am serving as a Resident/Fellow in 
(Specialty) 


al ———___ ______., Date program began (begins): 
(Name of Institution) 


date program to end: —— ~ ~ = S> | ndderstand that in-training membership is limited to a 


maximum of 5 years. 


Applicant Signature: — 


Verification: (Program Director or Department Chairman only) 


| certify that the applicant is in training at the institution named and qualifies for enrollment asa member-in-training 
of the American Roentgen Ray Society. 


Name (Please Print) eee 


Address: Sie itt ca 





Signature 


sss 


Send completed form to: | American Roentgen Ray Society 
1201 Dractan Whita Nriuva 
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American Roentgen Ray Society: 
Officers, Committees, and Membership Information 


Officers 


President: Ronald G. Evens 

President-elect: M. Paul Capp 

1st Vice-president: John A. Kirkpatrick, Jr. 

2nd Vice-president: A. Everette James, Jr. 

Secretary: Glen W. Hartman 

Treasurer: Beverly P. Wood 

Executive Council: R. J. Alfidi, R. N. Berk, B. G. Brogdon, 
M. P. Capp, W. J. Casarella, R. G. Evens, J. T. Ferrucci, Jr., 
R. A. Gagliardi, G. W. Hartman, J. A. Kirkpatrick, Jr., A. 
Landry, Jr., G. R. Leopold, J. E. Madewell, A. A. Moss, L. F. 
Rogers, J. H. Thrall, K. H. Vydareny, B. P. Wood, A. K. 
Poznanski, chairman 


Committees 


Editorial Policy: R. N. Berk, M. M. Figley, S. V. Hilton, M. S. 
Huckman, C. A. Rohrmann, Jr., S. S. Sagel, R. J. Stanley, N. 
O. Whitley, W. J. Casarella, chairman 


Education and Research: C. B. Higgins, B. J. Hillman, R. A. 
McLeod, W. M. Thompson, B. G. Brogdon, chairman 


Finance and Budget: R. J. Alfidi, R. C. Gedgaudas-McClees, 
G. R. Leopold, J. R. Thornbury, J. Thrall, chairman 


Nominating: R. A. Gagliardi, N. O. Whitley, R. J. Alfidi, chair- 
man 


Publications: C. A. Rohrmann, Jr., S. S. Sagel, R. J. Stanley, 
N. O. Whitley, W. J. Casarella, chairman 


Membership: R. J. Alfidi, A. A. Moss, K. H. Vydareny, G. R. 
Leopold, chairman 


Representatives to Other Organizations 


American Board of Radiology: J. A. Kirkpatrick, Jr., E. C. 
Klatte, L. F. Rogers 


American College of Radiology: R. A. Gagliardi, G. A. Kling, 
J. E. Madewell, L. F. Rogers 


American Medical Association House of Delegates: S. F. 
Ochsner, K. L. Krabbenhoft, alternate 


American National Standards Institute: M. Haskin 


National Council on Radiation Protection and Mea- 
surements: H. L. Friedell, E. L. Saenger 


Meeting Arrangements 


Annual Meetings: May 13-18, 1990, Sheraton Washington, 
Washington, DC; May 5-10, 1991, Sheraton Boston, Boston 


Annual Meeting Committee: H. C. Carlson, J. K. Crowe, G. 
P. Janetos, R. R. Lukin, A. Landry, Jr., chairman 


Instruction Courses: R. J. Stanley, associate chairman, J. T. 
Ferrucci, Jr., chairman 


Scientific Program: R. J. Alfidi, E. Buonocore, D. O. Davis, 
K. B. Hunter, T. C. McLoud, W. A. Murphy, Jr., A. E. Robin- 
son, L. B. Talner, J. H. Thrall, M. P. Capp, chairman 


Scientific Exhibits: R. J. Churchill, A. A. Moss, R. G. Ramsey, 
J. E. Madewell, chairman 


ARRS Membership 


An application form is printed in this issue of the Journal. 
For consideration at the 1990 ARRS meeting, send completed 
forms before February 1, 1990, to American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091. Active 
members are graduates of an approved medical or osteo- 
pathic school or hold an advanced degree in an allied science. 
They must practice radiology or work in an associated science 
in the United States or Canada and be certified by the Amer- 
ican Board of Radiology, American Osteopathic Board of 
Radiology, or Royal College of Physicians of Canada or 
otherwise adequately document training and credentials. Cor- 
responding members are foreign radiologists or scientists who 
are active in radiology or an allied science. Members-in- 
training are residents or fellows in radiology or postgraduate 
students in an allied science. Additional application forms can 
be obtained from the ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091; (703) 
648-8900 


Classified Advertisements 


Positions Available 


ACADEMIC THORACIC RADIOLOGIST—Maijor 
medical center is seeking trained thoracic radiol- 
ogist for faculty position (tenure track) to be in 
charge of chest section in diagnostic radiology 
dept. Responsibilities and opportunities include 
all forms of examination of the chest including CT 
and MRI. Academic rank (assistant professor to 
full professor) dependent on qualifications with in- 
come commensurate with rank. Deadline for ap- 
plications is Jan. 31, 1990. Position to begin as 
soon as possible after acceptance, but no later 
than July 1, 1990. Contact S. David Rockoff, M.D., 
Office of the Chairman, The George Washington 
University Medical Center, 901 23rd St., N.W., 
Washington, DC 20037. The George Washington 
University is an equal employment opportunity/ 
affirmative action employer. 1a 


ASSISTANT, ASSOCIATE, OR FULL PROFES- 
SOR OF DIAGNOSTIC RADIOLOGY—The 
University of Texas Medical School at Houston 
has an opening for a general diagnostic radiolo- 
gist to perform clinical radiologic exams and pro- 
cedures and to participate in resident and medical 
student teaching. Candidates should have com- 
pleted an approved residency in diagnostic 
radiology. Postresidency experience or training 
would be preferable, but not mandatory, at the 
assistant professor level. Candidates must be 
board-certified by the ABR, or equivalent, and 
must have a Texas medical license. Compensa- 
tion will be based on the most recent AAMC 
Survey and the candidate’s qualifications. Ap- 
plicants should send a CV, along with the names 
and addresses of 3 references, to John H. Harris, 
Jr., M.D., D.Sc., Professor and Chairman, Dept. 
of Radiology, The University of Texas Medical 
School at Houston, 6431 Fannin St., Ste. 2.132, 
Houston, TX 77030. The University of Texas 
Health Science Center at Houston is an equal op- 
portunity employer and encourages women and 
minority candidates to apply. 1-6a 


GASTROINTESTINAL RADIOLOGIST—The 
University of Nebraska Medical Center, Dept. of 
Radiology, is recruiting a gastrointestinal 
radiologist to head a section of 2 other GI 
radiologists. Responsibilities include traditional Gl 
barium studies, abdominal CT, abdominal MRI, 
and biliary lithotripsy. The medical center 
specializes in tertiary care with emphasis on 
biliary disease and organ transplantation. The 
University of Nebraska Medical Center, Dept. of 
Radiology, currently has 22 faculty members and 
a very well-equipped dept. This is an academic 
position, requiring strong interest in clinical 
teaching, research, and patient care. Academic 
rank is commensurate with qualifications. Please 
send inquiries with CV, by Jan. 31, 1990, to 
Thomas J. Imray, M.D., Professor and Chairman, 
Dept. of Radiology, University of Nebraska 
Medical Center, 42nd & Dewey Ave., Omaha, NE 
68105. The University of Nebraska Medical Center 
is an equal opportunity/affirmative action 
employer. M/F/H/V. 1a 


DIRECTOR, RADIATION THERAPY—Roswell 
Park Cancer Institute, affiliated with the State 
University of New York at Buffalo School of Med- 
icine and Biomedical Sciences, seeks to fill the 
position of Director of Radiation Therapy. The suc- 
cessful applicant will direct an active dept. of 
radiation oncology in a hospital renowned for pa- 
tient care and cancer research. The successful 
applicant must be board-certified in radiation 
therapy and have proven capabilities in patient 
care, teaching, research, and administration. CV 
should be submitted to Andrew A. Gage, M.D., 
Deputy Institute Director, Roswell Park Cancer In- 
stitute, Elm and Carlton Sts., Buffalo, NY 14263. 
Roswell Park is an affirmative action employer. 1a 
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S.E. GEORGIA—Immediate position available for 
a board-certified/eligible diagnostic radiologist to 
join a 2-person staff covering 4 hospitals and a 
diagnostic imaging center located in Vidalia, GA. 
Excellent benefits package, opportunity for part- 
nership, as well as starting salary of $100,000+. 
Skills must include general diagnostics, ultra- 
sound, nuclear medicine, mammography, CT, and 
special procedures. Send letters of inquiry along 
with CV and letters of reference to Director, 
Regional Diagnostics, P. O. Box 147, Vidalia, GA 
30474. 1xa 


ASSISTANT, ASSOCIATE, OR FULL PRO- 
FESSOR OF THORACIC RADIOLOGY—The Uni- 
versity of Texas Medical School at Houston has 
an opening for a thoracic radiologist to perform 
clinical thoracic radiology exams and procedures 
and participate in resident and medical student 
teaching. Candidates should have completed an 
approved residency in diagnostic radiology and 
must have postresidency experience or training 
in thoracic radiology. Candidates must be board- 
certified by the ABR, or equivalent, and must have 
a Texas medical license. Compensation will be 
based on the most recent AAMC survey and the 
candidate's qualifications. Applicants should send 
a CV, along with the names and addresses of 3 
references, to John H. Harris, Jr., M.D., D.Sc., Pro- 
fessor and Chairman, Dept. of Radiology, The 
University of Texas Medical School at Houston, 
6431 Fannin St., Ste. 2.132, Houston, TX 77030. 
The University of Texas Health Science Center at 
Houston is an equal opportunity employer and en- 
courages women and minority candidates to ap- 
ply. 1-6a 


FACULTY POSITIONS AVAILABLE IN DIAG- 
NOSTIC RADIOLOGY—On July 1, 1990, the 
faculty of the University of Texas Medical School 
at Houston (UTMSH) will assume clinical practice, 
teaching, and research at the Lyndon Baines 
Johnson (LBJ) General Hospital, newly con- 
structed by the Harris County Hospital District, in 
Houston, TX. LBJ General will be a principal 
medical student teaching affiliation of the 
UTMSH, is certified for 300 beds (with expansion 
Capabilities to approximately 500 beds) and is pro- 
jected to perform approximately 130,000 imaging 
procedures the first yr. The Dept. of Radiology at 
LBJ is fully equipped with new, state-of-the-art GE 
equipment, including a 9800 Quick CT scanner 
with 3-D software and an LU angiographic unit, 
and comparable routine, R&F, ultrasound, and 
nuclear equipment. Full-time UTMSH faculty 
positions exist for 5 associate professors and 10 
assistant professors with clinical, teaching, and 
research interests in all aspects of diagnostic im- 
aging. Residents who have just completed train- 
ing and are board-certified will be offered the rank 
of assistant professor at an annual salary of 
$90,000. Fellows who have completed training 
and are board-certified will be offered the rank of 
assistant professor at an annual salary of 
$100,000. These salaries may be increased 
depending on the candidate’s education and ex- 
perience beyond either residency or fellowship, 
and in addition to base salary, total fringe benefits 
of approximately 20% of the base salary will be 
provided. Associate professor compensation will 
be based on the most recent AAMC survey and 
the candidate’s qualifications. Candidates must 
be diplomates of the ABR, or its equivalent, and 
must have a Texas medical license. Applicants are 
requested to send their CV to John H. Harris, Jr., 
M.D., D.Sc., Professor and Chairman, Dept. of 
Radiology, The University of Texas Medical 
School at Houston, 6431 Fannin St., Ste. 2.132, 
Houston, TX 77030. The University of Texas 
Health Science Center at Houston is an equal op- 
portunity employer. Women and minorities are en- 
couraged to apply. 1-6a 


ASSISTANT OR ASSOCIATE PROFESSOR OF 
NEURORADIOLOGY—The University of Texas 
Medical School at Houston has openings for 
neuroradiologists at the Lyndon Baines Johnson 
General Hospital and the Hermann Hospital to 
perform clinical neuroradiology and participate in 
resident and medical student teaching. Candi- 
dates must have completed an approved residency 
in diagnostic radiology and a 2-yr neuroradiology 
fellowship. Candidates must be board-certified by 
the ABR, or equivalent, and must have a Texas 
medical license. Compensation will be based on 
the most recent AAMC survey and the candidate’s 
qualifications. Applicants should send a CV, along 
with the names and addresses of 3 references, 
to John H. Harris, Jr., M.D., D.Sc., Professor and 
Chairman, Dept. of Radiology, The University of 
Texas Medical School at Houston, 6431 Fannin 
St., Ste. 2.132, Houston, TX 77030. The Univer- 
sity of Texas Health Science Center at Houston 
is an equal opportunity employer and encourages 
women and minority candidates to apply. 1-6a 


RADIOLOGIST—University of California, San 
Francisco-Fresno Campus at Valley Medical 
Center of Fresno seeks a general radiologist able 
to do angiography, ultrasound, and CT. Applicants 
must be either board-certified or eligible by the 
ACR, and interested in participating in an active 
residency program. Fresno offers enjoyable and 
affordable living in central California. Please ad- 
dress inquiries and CV to Malcolm Anderson, 
M.D., Chairman, Search Committee, 2212 N. 
Winery, #130, Fresno, CA 93703; (209) 453-5058. 
Equal opportunity employer. 1-2ap 


MAINE—General radiologist to join busy practice 
affiliated with modern, 92-bed, acute-care hospi- 
tal. Diagnostic modalities include ultrasound, 
mammography, angiography, nuclear medicine, and 
mobile CT. Beautiful 4-season recreation area close 
to skiing, hunting, and fishing. Excellent school 
system. Competitive first yr salary with partnership 
available by the second yr. Send CV to New England 
Health Search, 63 Forest Ave., Orono, ME 04473; 
(207) 866-5680 or (207) 866-5685. 1-3ap 


DIAGNOSTIC RADIOLOGIST WITH SPECIAL 
INTEREST IN ANGIOGRAPHY AND INTERVEN- 
TIONAL RADIOLOGY—The Dept. of Radiology at 
the University of Texas Medical School at Houston 
has an immediate opening at the Hermann Hos- 
pital, and an opening for July 1, 1990, at the 
Lyndon Baines Johnson General Hospital, for an 
experienced interventionist/angiographer with 
strong interest in patient care and teaching. 
Research interest and experience are important, 
but not essential. Although the principal respon- 
sibilities will be in intervention/angiography, there 
will be an opportunity to be involved in other 
clinical areas of the candidate’s interest. The posi- 
tion will include teaching at the medical student 
and resident levels. Candidate must be a diplo- 
mate of the ABR and have completed at least a 
1-yr interventional/angiography fellowship, have 
a Texas state medical license, and have had at 
least 1 yr postfellowship experience. Candidates 
with the qualifications for a senior assistant pro- 
fessor or associate professor appointment are 
preferred. Academic rank will be commensurate 
with qualifications. Compensation will be based 
on the most recent AAMC survey and the candi- 
date’s qualifications and experience. Please sub- 
mit CV, along with the names and addresses of 
3 references, to John H. Harris, Jr., M.D., D. Sc., 
Professor and Chairman, Dept. of Radiology, The 
University of Texas Medical School at Houston, 
6431 Fannin, Ste. 2.132, Houston, TX 77030. The 
University of Texas Health Science Center at 
Houston is an equal opportunity employer. 
Women and minorities are encouraged to apply. 
1-6a 
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RADIOLOGIST—Immediate opening for a quali- 
fied, board-certified/eligible radiologist to work in 
an outpatient imaging center located 40 mi. north 
of El Paso, TX. Must have knowledge of general 
radiology and experience with ultrasound, CT, and 
nuclear medicine. Interested doctors should send 
CV to Sun View Imaging Services, P. O. Box 8624, 
Las Cruces, NM 88006. 1-3ap 


IMMEDIATE OPENING—Excellent opportunity to 
join 6-member radiolagy group in Johnstown, PA, 
located approximately 75 mi. from Pittsburgh in 
the Allegheny Mountains. Practice covers 2 hos- 
pitals and does approximately 100,000 pro- 
cedures/yr. Johnstown, recently selected as 
Pennsylvania’s ‘community of the year,” is noted 
for its low crime rate, scenic beauty, and high 
quality of life. Applicant should be competent in 
all phases of diagnostic radiology including MR, 
CT, ultrasound, nuclear medicine, and angio. Well- 
established group with good clinical staff interac- 
tion. Excellent starting salary and benefits, with 
equal partnership to follow. If interested, please 
call and/or forward CY to Jon Abrahams, M.D., 
Conemaugh Valley Memorial Hospital, Dept. of 
Radiology, 1086 Franklin St., Johnstown, PA 
15905; (814) 533-9166. 1-3a 


HARTFORD, CT—Position available for board- 
certified radiologist tooin an established group 
of 8. Practice includes hospital and 3 private of- 
fices, all fully equipped including CT. MRI and CT 
experience is required. Competitive starting 
Salary and benefits. Piease enclose CV with in- 
itial correspondence taJeffrey Blau, M.D., 40 Hart 
St., New Britain, CT 06052; (203) 229-2059. 1-3ap 


IMMEDIATE OPENING, BC/BE RADIOLOGIST 
to join community hospital practice in western 
Pennsylvania approximately 45 mi. from Pitts- 
burgh. Nuclear medicine, CT, ultrasound, mam- 
mography, angiography (including DSA), and 
interventional. MR pending. Highly competitive 
Salary and fringe benefits, partnership possible. 
Will accept locum tenens until filled. Contact 
James R. Lynch, Sr.. M.D., Monsour Medical 
Center, 70 Lincoln Wy. E., Jeannette, PA 15644: 
(412) 527-1511 ext. 4402. 1-2ap 


MAMMOGRAPHER—Second mammographer 
sought to join busy, rapidly growing, private- 
practice breast center and faculty of Cedars-Sinai 
Medical Center Radiolagy Dept. Additional duties 
include noninterventional, general radiology, and 
hospital teaching responsibilities for residents. 
Superb opportunity for board-certified radiologist. 
Please respond to R. James Brenner, M.D., 
Cedars-Sinai Radiology Dept., Ste. 5416, 
8700 Beverly Blivd., Los Angeles, CA 90048; 
(213) 855-3701. 1-3ap 


FACULTY POSITION IN JAPAN—University of 
Hawaii Medical Education Program in Okinawa, 
Japan, invites applications for a faculty position 
in radiology (CT, general, or pediatric) for 3-6 mo. 
(between Jan. 1990 and July 1991). Salary com- 
mensurate with experience plus 30% overseas 
allowance, airfare, and furnished accommodation 
with all utilities paid. Additional allowance of ap- 
proximately 120,000 yen per mo. Ideal for sab- 
batical. Mail applications with CV to Y. B. 
Talwalkar, M.D. Program Director, University of 
Hawaii Program, Okinawa Chubu Hospital, Gush- 
ikawa City, Okinawa, Japan 904-22. Serious in- 
quiries call 098973-1515. tap 


ACADEMIC BC/BE DIAGNOSTIC RADIOLO- 
GIST with training/experience in CT/ultrasound/ 
MRI body imaging wanted for research, clinical 
care, and teaching at 450-bed, adult, tertiary-care 
hospital. Equal opportunity/affirmative action 
employer affiliated with Harvard Medical School. 
Apply to Melvin E. Clouse, M.D., Chairman, Dept. 
of Radiology, New England Deaconess Hospital, 
185 Pilgrim Rd., Boston, MA 02215. tap 


CLASSIFIED ADVERTISEMENTS 


DIAGNOSTIC RADIOLOGY, PACIFIC NORTH- 
WEST, MRI, CT, AND ULTRASOUND—Pro- 
gressive group of 4 radiologists seeks 
board-certified radiologist with subspecialty in- 
terest and expertise in MRI, CT, and ultrasound. 
Busy, dynamic practice in regional medical center 
hospital, privately owned MRI center (presently 
mobile unit—planning for fixed site in spring 
1990), plus private outpatient office. Located in 
beautiful recreation area in the inland Northwest. 
World-class lakes for boating and sailing. Ex- 
cellent skiing, hunting, and fishing. Family- 
oriented environment 30 min from Spokane. Com- 
petitive starting salary with full partnership in 1 
yr. Send CV to Richard Hehn, M.D., Radiology 
Associates of North Idaho, 1104 Ironwood Dr., 
Coeur d'Alene, ID 83814; (208) 667-0686. 1-3ap 


PORTLAND, OR—BC/BE diagnostic radiologist 
to join outstanding and congenial 6-physician, 
hospital-based practice in the last affordable West 
Coast city. Cross-sectional imaging and/or 
nuclear mecicine training/interest desirable. Part- 
nership position with excellent vacation and bene- 
fits package. Respond with CV in confidence to 
Lucien Burke, M.D., or Norman Harris, M.D., Dept. 
of Radiology, Portland Adventist Medical Center, 
10123 S. E. Market, Portland, OR 97216. 1-2ap 


DIAGNOSTIC RADIOLOGIST—BC/BE to join 2 
radiologists in 50-physician, multispecialty clinic. 
Fellowship in body imaging preferred. Practice in- 
cludes general radiography, CT, ultrasound, MRI, 
and film-screen mammography. Excellent first yr 
salary leading to partnership. Send CV to Michael 
D. Lavine, M.D., 333 Dixie Hwy., Chicago Heights, 
IL 60411. 1-3ap 


DIRECTOR OF CLINICAL MAGNETIC RESO- 
NANCE—The Dept. of Radiology at the Universi- 
ty of Texas Medical School at Houston has an 
opening for a radiologist at the assistant, associ- 
ate, or full professor level, who will direct clinical 
activities, medical student and resident teaching, 
and clinical research in the university MRI center 
at Hermann Hospital. Candidate will be expected 
to conduct or direct clinical or basic research in 
MR leading to grant support. Candidates must 
have demonstrated experience in direction of a 
clinical MRI unit, teaching, research, writing, and 
obtaining grant support, and have a strong publi- 
cation background. Candidate must be board-cer- 
tified by the ABR and must have a Texas medical 
license. Compensation will be based on the most 
recent AAMC survey and candidate's qualifica- 
tions. Please forward a CV, and the names and 
addresses of 3 references, to John H. Harris, Jr., 
M.D., D. Sc., Professor and Chairman, Dept. of 
Radiology, The University of Texas Medical 
School at Houston, 6431 Fannin, Ste. 2.132, 
Houston, TX 77030. The University of Texas 
Health Science Center at Houston is an equal op- 
portunity employer and encourages women and 
minority candidates to apply. 1-6a 


HEAD, DEPT. OF RADIOLOGY—The Buffalo 
General Hospital, a primary affiliate of the Facul- 
ty of Health Sciences, State University of New 
York at Buffalo, is seeking a radiologist to head 
its Dept. of Radiology. Applicants should be 
board-certified and should qualify for appointment 
as associate or full professor of radiology, State 
University of New York at Buffalo. Applicants 
should demonstrate achievement in academic 
radiology with accomplishments in clinical, edu- 
cational, administrative, and investigative 
endeavors. Please send letter of application and 
CV to Gerald Sufrin, M.D., Chairman, Radiology 
Search Committee, The Buffalo General Hospital, 
100 High St., Buffalo, NY 14203. The Buffalo 
General Hosp tal and the State University of New 
York at Buffalo are affirmative action/equal oppor- 
tunity employers. lap 
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DIAGNOSTIC RADIOLOGIST, PHILADELPHIA, 
PA—Two positions available Starting July 1990 to 
join an 11-person group at Frankford Hospital in 
northeast Philadelphia. We do over 100,000 
Studies/yr in a 400-bed, 2-division community 
hospital with trauma accreditation. Our facilities 
include 2 GE 9800 CT scanners, 4 Acuson ultra- 
sound units, GE and Phillips DSA biplane angi- 
ography suites, and a free-standing MRI center. 
Would prefer interest in angiography/interven- 
tional but all applicants will be considered. Com- 
petitive starting salary leading to full partnership. 
Negotiable package for applicants presently in 
practice. Contact Marc Silver, D.O., Dept. of Radi- 
ology, Frankford Hosptal, Torresdale Campus, 
Knights and Red Lion Rds., Philadelphia, PA 
19114; (215) 934-4020. 1ap 


DIAGNOSTIC RADIOLOGIST FOR FLORIDA 
GULF COAST—The University of South Florida 
(USF) Dept. of Radiology, is recruiting a board- 
certified general diagnostic radiologist. Previous 
subspecialty training or special interest in mascu- 
loskeletal radiology preferred. This is a combined 
appointment with the Tampa Veterans Hospital 
and the Dept. of Radiology, USF, at the assistant 
or associate professor level, dependent on prior 
credentials. Competitive salary and generous 
fringe benefits are derived from both institutions. 
The location is the beautiful west coast of Florida 
with ideal climate. The position involves clinical 
service, teaching of radiology residents, and 
research. Send letters of inquiry with CV to 
Michael Vermess, M.D., Professor of Radiology, 
Chief, Radiology Service, James A. Haley Veter- 
ans’ Hospital, 13000 Bruce B. Downs Blvd., Tam- 
pa, FL 33612. 1-2ap 


MIAMI, FL—The radiology group of Baptist 
Hospital of Miami is actively seeking a new 
associate with special competency in neuroradi- 
ology and angiography for a 12-person radiclogy 
group. Position offers partnership track and the 
latest equipment, including 3 CT (GE 9800- 
Quick), 2 MR (GE 1.5-T), 5 ultrasound (Acuson, 
GE, and Quantum), and 2 state-of-the-art angi- 
ography suites, with more under design. Contact 
Thomas P. Naidich, M.D., Director of Neurovadi- 
ology, Baptist Hospital of Miami, Dept. of Radiol- 
ogy, 8900 N. Kendall Dr., Miami, FL 32176: 
(305) 596-6595. 1ap 


IMMEDIATE OPENING for experienced 
radiologist-ultrasonographer to join the stał at 
New York Medical College. Should have com- 
pleted fellowship training in ultrasound. Candidate 
must be board-certified and have current New 
York state license. Faculty appointment commen- 
surate with background. Excellent salary and 
fringe benefits. Please submit CV to Michael S. 
Tenner, M.D., Professor and Chairman, Dep. of 
Radiology, New York Medical College, Valhalla, 
NY 10595. 1-2a 


PEDIATRIC RADIOLOGY, THE JOHNS HOP- 
KINS HOSPITAL—The Dept. of Radiology has 
openings for an assistant professor and a fe low 
in the Division of Pediatric Radiology, beginning 
July 1990. The division performs approximately 
24,000 radiographic procedures per yr. We are 
also actively involved in ultrasound, CT, and MR 
imaging of children. Excellent teaching and 
research opportunities exist. Please contact John 
P. Dorst, M.D., George A. Taylor, M.D., or Gearge 
P. Saba, M.D., Dept. of Radiology, The Johns 
Hopkins Hospital, 600 N. Wolfe St., Baltimore, MD 
21205; (301) 955-6141/955-7700. 1-2a 


SEATTLE AREA—Opening for a BC general 
diagnostic radiologist with basic angio and in- 
terventional skills. Washington license not re- 
quired. Teaching hospital, regular hours, limited 
call, and 5-yr contract. Call G. Bernstein, M_D.: 
(206) 840-9652. 1-3xa 
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SITKA, ALASKA—Challenging diagnostic radi- 
ology practice, JCAHO-accredited Alaska Native 
Indian Health Service Hospital. Includes ultra- 
sound and mammography. Close professional 
association with primary-care physicians. Re- 
quires acceptance in USPHS Commissioned 
Corps. Send inquiries, CV, and references to S. 
Carlson, M.D., Clinical Director, Mt. Edgecumbe 
Hospital, 222 Tongass Dr., Sitka, AK 99835; 
(907) 966-6310. 1-Sap 


PEDIATRIC RADIOLOGIST—The University of 
Tennessee, Memphis/University Physicians Foun- 
dation has an opening for a pediatric radiologist. 
Faculty rank of assistant or associate professor 
based on experience. Applicant must be board- 
certified/eligible in diagnostic radiology. At least 
1 yr of postgraduate training in a recognized pro- 
gram in pediatric radiology is required. Primary 
work sites will be LeBonheur Children’s Medical 
Center and St. Jude Children’s Research Hospi- 
tal. Blacks, women, handicapped, and other 
minorities are encouraged to apply. The Univer- 
sity of Tennessee, Memphis/University Physicians 
Foundation is an equal employment opportunity/ 
affirmative action/Title IX/Section 504 employer. 
Address inquiries to Barry Fletcher, M.D., Chair- 
man, Diagnostic Imaging Dept., St. Jude Chil- 
dren's Research Hospital, 332 N. Lauderdale, 
Memphis, TN 38101, or Robert A. Kaufman, M.D., 
Director, Dept. of Radiology, The University of Ten- 
nessee, Memphis/LeBonheur Children’s Medical 
Center, 800 Madison Ave., Memphis, TN 38163. 
1xa 


NEURORADIOLOGIST—Seeking board-certified, 
fellowship-trained, ASNR member neuroradiolo- 
gist with training and/or experience in interven- 
tional procedures for tenure-track faculty position, 
assistant professor to full professor. Active, uni- 
versity-based neuroradiology fellowship training 
program in place. Salary and rank commensurate 
with faculty rank and experience. Applications will 
be accepted until March 1, 1990. Please contact 
S. David Rockoff, M.D., Office of the Chairman, 
Dept. of Radiology, The George Washington Uni- 
versity Hospital, 901 23rd St., N.W., Washington, 
DC 20037. The George Washington University is 
an affirmative action/equal opportunity employer. 
la 


DIAGNOSTIC RADIOLOGIST—The University of 
Tennessee, Memphis/University Physicians Foun- 
dation has an opening for a radiologist at the in- 
structor or assistant professor level. Applicant 
must be board-certified/eligible in diagnostic 
radiology. Subspecialty interests are encouraged 
but not required. Blacks, women, handicapped, 
and other minorities are encouraged to apply. 
University of Tennessee, Memphis/University 
Physicians Foundation is an equal employment 
opportunity/affirmative action/Title IX/Section 504 
employer. Send CV to Barry Gerald, M.D., Chair- 
man, Dept. of Radiology, University of Tennessee, 
Memphis, 800 Madison Ave., Memphis, TN 38163. 
1xa 


ULTRASOUND RADIOLOGIST—The University 
of Tennessee, Memphis/University Physicians 
Foundation has an opening for a radiologist in 
ultrasound at the instructor or assistant professor 
level. Apolicant must be board-certified/eligible 
in diagnostic radiology. Additional training in ultra- 
sound is highly desirable and the applicant should 
be particularly conversant with obstetric ultra- 
sonography. Blacks, women, handicapped, and 
other minorities are encouraged to apply. The 
University of Tennessee, Memphis/University 
Physicians Foundation is an equal employment 
opportunity/affirmative action/Title IX/Section 504 
employer. Send CV to Barry Gerald, M.D., Chair- 
man, Dept. of Radiology, University of Tennessee, 
Memphis, 800 Madison Ave., Memphis, TN 38163. 
1xa 
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FACULTY POSITION, NEURORADIOLOGY—The 
Dept. of Radiology at the University of Minnesota 
has 3 full-time, probationary tenure/tenure-track 
positions available in the neuroradiology section 
at the rank of tenure-track assistant professor, 
tenured associate professor, or tenured professor 
beginning March 1, 1990. At the assistant pro- 
fessor level, minimum requirements are board 
certification in radiology and a minimum of 1 yr 
postresidency specialty training or experience in 
neuroradiology. Appointment at the rank of 
associate professor requires a minimum of 4 yr 
postresidency experience and a demonstrated 
record of research, publication, and teaching, in 
addition to the other qualifications listed for assis- 
tant professor status. Appointment at the rank of 
professor requires a minimum of 6 yr postresiden- 
cy experience and a demonstrated, strong record 
of research, publication, and teaching, in addition 
to the other qualifications listed for assistant pro- 
fessor status. Responsibilities will include all 
facets of neuroradiology as well as graduate and 
undergraduate medical instruction. Research per- 
formance will be strongly encouraged and evalu- 
ated. Salary is negotiable and competitive, and 
is dependent on past scholarly productivity and 
post-M.D. experience. Applicants must be licens- 
ed or able to obtain a license to practice medicine 
in the state of Minnesota before appointment date. 
Applications will be accepted through Feb. 28, 
1990. Send letter to William M. Thompson, M.D., 
Professor and Chairman, Dept. of Radiology, Box 
292 UMHC, University of Minnesota, 420 Dela- 
ware St., S.E., Minneapolis, MN 55455. The 
University of Minnesota is an equal opportunity 
educator and employer, and specifically invites 
and encourages applications from women and 
minorities. 1ap 


MRI RADIOLOGIST NEEDED—A position will be 
available July 1, 1990, at Good Samaritan 
Regional Medical Center in Phoenix, AZ. The 
hospital is a 750-bed, tertiary-care facility offer- 
ing the most up-to-date radiology services. The 
radiology group is seeking to add a new associate 
who is board-certified and has at least 1 yr of MR 
fellowship training. Responsibilities primarily in- 
clude body MR interpretation. The hospital will 
have 2 high-strength magnets and there also will 
be a midstrength magnet at a satellite office. The 
position offers an academic-style practice with the 
benefits of a private radiology group. A competi- 
tive salary and benefits are offered leading to part- 
nership. Please contact Ted Ditchek, M.D., or 
Aubrey Palestrant, M.D.; (602) 239-4601. 1-4ap 


GENERAL RADIOLOGIST needed July 1, 1990, 
or sooner to replace retiring member of 3-person 
group servicing a small but busy hospital in 
scenic area of western Pennsylvania; also own 
private outpatient office. Necessary skills: gen- 
eral, CT, ultrasound, mammography, and nuclear 
medicine. Generous salary with early advance- 
ment to partnership available. Contact Alan 
Stankiewicz, M.D., 623 Lang Ave., Patton, PA 
16668; (814) 674-8508. 12-5ap 


BC/BE DIAGNOSTIC RADIOLOGIST—Full-time 
position available immediately at a university- 
affiliated VA hospital in Columbia, SC. Contact J. 
Farrell, M.D., Radiology Service, Dorn VA Hospi- 
tal, Columbia, SC 29201; (803) 776-4000, ext. 356. 
la 


INTERVENTIONALIST/ULTRASOUND/MRI— 
Seeking second full-time interventional radiologist 
to join 15-person group in central NJ. Also seek- 
ing radiologist with body imaging training (ultra- 
sound, MRI). Generous first yr salary leading to 
full partnership. Contact S. R. Berg, M.D., 315 E. 
Main St., Somerville, NJ 08876. 12-1ap 


AJR:154, January 1990 


WILMINGTON, NORTH CAROLINA—Group of 8 
radiologists seeking fellowship-trained neuroradi- 
ologist. 450+ bed, university-affiliated, regional- 
referral hospital with all diagnostic imaging 
capabilities including GE Signa 1.5-T and 0.5-T 
MRI, 2 GE 9800 CT scanners, and complete 
angio/interventional suites. Busy private outpa- 
tient office with Siemens HiQ CT with 3-D soft- 
ware. Progressive growing community in Cape 
Fear area of coastal North Carolina. Address CV 
to John Black, M.D., 102 Trail in the Pines, Wilm- 
ington, NC 28409. 12-2ap 


RADIOLOGIST, TYLER, TX—The University of 
Texas Health Center at Tyler, Dept. of Radiology, 
Tyler, TX, invites applications for a faculty posi- 
tion at the level of assistant or associate professor, 
to open July 1, 1990. Interest in teaching and/or 
research is desired but not required. Progressive, 
4-person dept. practices general radiology includ- 
ing interventional, with a total of 27,000 exams/yr. 
The University of Texas Health Center at Tyler, the 
state's designated chest disease hospital, is 
located just outside of Tyler on a beautiful, 
600-acre campus amid the forests and lakes of 
East Texas. The dept. also supports a rapidly 
growing, dynamic research group located on 
campus in a new, state-of-the-art research facil- 
ity. Year-round tennis, golf, and boating are 
available in addition to excellent schools. Com- 
petitive first-yr salary and an unsurpassed 
benefits package are offered. Send CV to J. R. 
Shepherd, M.D., University of Texas Health 
Center at Tyler, P. O. Box 2003, Tyler, TX 75710; 
(214) 877-7100. The University of Texas Health 
Center at Tyler is an affirmative action, equal op- 
portunity employer. Minorities are encouraged to 
apply. 12-5a 


PART-TIME RADIOLOGIST, CENTRAL NEW 
JERSEY/BUCKS COUNTY, PA—Part-time open- 
ing for BC/BE diagnostic radiologist with 
postresidency experience preferred to join group 
of radiologists in 4 private offices and 3 general 
hospitals. Position would required facility with all 
facets of radiology except invasive procedures. 
Send letter and CV to L. Ratner, M.D., 838 W. 
State St., Trenton, NJ 08618. 12-2ap 


MRI—Large, private practice, 3 hospitals and of- 
fices, 2 MRIs with third being added. Northeast 
Philadelphia suburbs and Trenton, NJ. All areas 
of diagnostic radiology with expertise in MRI re- 
quired. Available July 1990 or sooner. Send let- 
ter and CV to L. Ratner, M.D., 838 W. State St., 
Trenton, NJ 08618. 12-1ap 


BE/BC DIAGNOSTIC RADIOLOGIST wanted for 
expanding multispecialty ambulatory clinic. Prac- 
tice environment offers a Mon.-Fri. schedule and 
no on-call. Our subtropical Gulf Coast location is 
in an upward-bound economic environment. 
Competitive guaranteed salary with bonus pro- 
ductivity plan. Shareholder status available after 
18 mo. Relocation and interview expense included 
in benefits package. Location is attractive to those 
who enjoy outdoor sports such as fishing, golf- 
ing, and sailing. Look into joining our great team! 
Contact Amanda Fuhro, Valley Diagnostic Medi- 
cal & Surgical Clinic, P.A., 2200 Haine Dr., Harl- 
ingen, TX; (512) 421-5199. 12-2ap 


RADIOLOGISTS—Large radiology group wishes 
to add a neuroradiologist and a diagnostic 
radiologist, preferably with fellowship training. 
Practice is in a 625-bed general hospital in South- 
eastern Pennsylvania. Dept. is equipped with 
modern angiography, 2 CT scanners, and an MRI 
unit. Residency program. Job leading to full part- 
nership with competitive salary and benefits. Con- 
tact Heber E. Yeagley, M.D., Director, Dept. of 
Radiology, The Reading Hospital and Medical 
Center, Reading, PA 19603. 12-2ap 
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NEURORADIOLOGIST—Excellent opportunity 
for BC neuroradiologist on southwest Florida Gulf 
Coast. Will run new 1.5-T GE MRI. Practice in- 
cludes 165-bed community hospital (GE 9800 
Quick CT, Philips angio unit with biplane DSA) 
and large, free-standing imaging center. Excellent 
financial incentives. Call and/or send CV to 
Joseph Witek, M.D., 1217 East Ave. S., Ste. 105, 
Sarasota, FL 34239: (813) 365-9150. 12-2ap 


DIAGNOSTIC RADIOLOGIST—University of 
Florida Health Science Center/Jacksonville is 
seeking an additional staff radiologist for a full- 
time faculty position. Special interest, expertise, 
or fellowship training is preferable. Salary and 
fringe benefits are excellent. An academic ap- 
pointment will be at the instructor/assistant pro- 
fessor/associate professor/professor academic 
rank depending on traiming, background, and ex- 
perience. Application recruiting deadline, Feb. 2, 
1990. Anticipated starting date, March 2, 1990. 
Send CV and references to Chairman, Search 
Committee, Dept. of Radiology, University Medi- 
cal Center, 655 W. Eighth St., Jacksonville, FL 
32209. AA/EOE. 12-1a 


DIAGNOSTIC RADIOLOGISTS—Vacancies exist 
at the VA Medical Center, Biloxi, MS, for board- 
certified/eligible diagnostic radiologists for 
radiology service. Biloxi VA Medical Center is an 
1130-bed hospital (240 beds are general medical 
and surgical) with an active radiology dept. Biloxi 
is located on the Mississippi Gulf Coast. The loca- 
tion has excellent weather, good schools, and 
abundant yr-round recreational and cultural acti- 
vities. For information, contact John L. Campbell, 
M.D., Chief, Radiology Service, VA Medical Cen- 
ter, Pass Rd., Biloxi, MS 39531; (601) 388-5541, 
ext. 5119. The VA is an equal opportunity 
employer. 1a 


NEURORADIOLOGISTS—The University of 
Texas, M.D. Anderson Cancer Center is seeking 
applications for full-time faculty positions within 
the Section of Neuroradiology/Head and Neck 
Radiology. Fellowship training with a strong 
emphasis in interventienal neuroradiology is re- 
quired. The applicant will be responsible for 
research projects (including supervision of 
trainees) as well as clinical duties. Daily supervi- 
sion/instruction of residents, fellows, and medical 
students and participation in the lecture 
schedules are also required. The Dept. of 
Diagnostic Radiology enjoys state-of-the-art 
Clinical equipment and a well-equipped research 
facility (the John S. Dunn Research Foundation 
Center for Radiologica’ Sciences). Send CV to 
Gerald D. Dodd, M.D., Head, Division of Diag- 
nostic Imaging or Thomas S. Harle, M.D., Pro- 
fessor of Radiology, Dept. of Diagnostic 
Radiology, Box 57, 1515 Holcombe Blvd., 
Houston, TX 77030. An equal opportunity/affir- 
mative action employer 12-2a 


NEURORADIOLOGY/MRI—Private MRI center 
seeks board-certified radiologist with MRI expe- 
rience to oversee and direct diagnostic center. Ex- 
cellent salary, complete benefit package, and 
excellent recreational activities in growing Fort 
Lauderdale community. Reply to Michael 
Abrahams, M.D., 6971 W. Sunrise Blvd., Planta- 
tion, FL 33317; (305) 792-1110. 12-2ap 


NEW HAMPSHIRE—Joain BC diagnostic radiolo- 
gist affiliated with modern, 90-bed, acute-care 
hospital in White Mountains region. Enjoy state- 
of-the-art general practice that includes in-house 
CT and nuclear medicine. Dept. does over 
170,000 procedures annually. Hiking and skiing 
at your doorstep. Assaciateship leading to part- 
nership. Competitive first-yr salary and benefit 
package. Please send CV to New England Health 
Search, 63 Forest Ave., Orono, ME 04473: 
(207) 866-5680 or (207) 866-5685. 11-1ap 


CLASSIFIED ADVERTISEMENTS 


MINNEAPOLIS, MN—Practice opportunity for a 
board-certified radiologist with subspecialty inter- 
est in spine and/or musculoskeletal imaging. MR 
experience is required. Procedural skills are 
desirable, as there is a growing volume of invasive 
spine and orthopedic procedures. Practice is 
based at a rapidly growing, privately owned, free- 
Standing outpatient imaging center equipped with 
GE 9800 Quick and 8800 CT scanners, 2 GE 
Signa 1.5-T MR scanners, and related fluoro- 
Scopic-radiographic and ultrasound equipment. 
Practice also includes coverage of a 750-bed, 
tertiary-care medical center. Three radiologists in 
practice currently. One distant MR facility oper- 
ating and plans for more. Investment oppor- 
tunities for radiologists involved in the practice as 
well as academic orientation and opportunity for 
subspecialization. Excellent benefits. Send CV 
and responses to Kurt P. Schellhas, M.D., Center 
for Diagnostic Imaging, 5775 Wayzata Blvd., Ste. 
190, Minneapolis, MN 55416. No telephone calls 
please. All inquiries confidential. 12-2ap 


ONCOLOGIC DIAGNOSTIC RADIOLOGISTS— 
The H. Lee Moffitt Cancer Center and Research 
Institute at tne University of South Florida has 
faculty positions available for individuals with 
training or experience in oncologic radiology. This 
is an excellent opportunity to participate in all 
areas of oncologic imaging or to subspecialize 
depending on expertise. The positions include 
Clinical service, research, and teaching. Aca- 
demic rank is based on qualifications. Our facil- 
ity is a state-of-the-art complex; the compensation 
package is excellent. Interested candidates 
should contact Robert Clark, M.D, Dept. of Radi- 
ology, Moffitt Cancer Center, P. O. Box 280179, 
Tampa, FL 33682-0179. 12-2ap 


RADIOLOGIST, BREAST IMAGING—The H. Lee 
Moffitt Cancer Center and Research Institute at 
the University of South Florida has a faculty posi- 
tion available for a diagnostic radiologist with 
fellowship training or subspecialty experience in 
mammography and all other modalities and pro- 
cedures related to breast imaging. The position 
includes clinical service, research, and teaching. 
Academic rank is based on qualifications. Our 
facility has a large-volume screening program and 
a multidisciplinary comprehensive breast center 
offering all ciagnostic and therapeutic services. 
Interested candidates should contact Robert 
Clark, M.D., Dept. of Radiology, Moffitt Cancer 
Center, P. O. Box 280179, Tampa, FL 33682-0179. 
12-2ap 


RADIOLOGIST, ABDOMINAL IMAGING—The H. 
Lee Moffitt Cancer Center and Research Institute 
at the University of South Florida has a faculty 
position available for an abdominal radiologist 
with fellowship training or equivalent subspecialty 
experience. Interest and expertise in all imaging 
modalities and procedures related to abdominal 
radiology are preferred. The position includes 
Clinical service, research, and teaching. Aca- 
demic rank is based on qualifications. Our facil- 
ity is a state-of-the-art complex; the compensation 
package is excellent. Interested candidates 
should contact Robert Clark, M.D., Dept. of 
Radiology, Moffitt Cancer Center, P. O. Box 
280179, Tampa, FL 33682-0179. 12-2ap 


WESTERN PENNSYLVANIA—BC/BE general 
radiologist to join growing solo practice 1 hr south 
of Pittsburgh. All modalities except angio and 
MRI. College town, good benefits, and flexible 
schedule. Send CV to Michael T. Czuba, M.D., 
1150 Seventh St., Waynesburg, PA 15370. 11-1ap 


RADIOLOG!ST—Modern, 100-bed community 
hospital in Wilmington, DE (35 min from Philadel- 
phia) with rew CT, SPECT, color Doppler, and 
MRI. Experience in CT, MRI helpful. Contact S. 
Edell, D.O.; (302) 737-1600. 12-1ap 
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STAFF RADIOLOGIST—The Colmery-O’Neil VA 
Medical Center, Topeka. KS, is recruiting tor a 
board-certified radiologist to work with 2 staff 
radiologists in a modern diagnostic imaging dept. 
Activities include routine radiography, fluoroscopy, 
limited angiography, CT, ultrasound percutaneous 
biopsy, and PTC. Excellent school system, several 
universities within a 60-mi. radius, and a wide 
variety of cultural and recreational programs are 
available. Federal benefit package includes liberal 
holiday and leave programs, malpractice insur- 
ance coverage, and tax-deferred retiremen: op- 
tions. Please send inquiries to Harold M. Voth, 
M.D., Chief of Staff (11), VA Medical Center, 2200 
Gage Blvd., Topeka, KS 66622. EOE. 1a 


CHIEF RADIOLOGIST—The Colmery-O’Nei VA 
Medical Center, Topeka, KS, is recruiting for a 
board-certified radiologist to work with 2 staff radi- 
ologists in a modern diagnostic imaging dept. Ac- 
tivities include routine radiography, fluoroscopy, 
limited angiography, CT, ultrasound percutaneous 
biopsy, and PTC. Excellent school system, several 
universities within a 60-mi. radius, and a wide 
variety of cultural and recreational programs are 
available. Federal benefit package includes liberal 
holiday and leave programs, malpractice insur- 
ance coverage, and tax-deferred retiremen: op- 
tions. Please send inquiries to Harold M. Woth, 
M.D., Chief of Staff (11), VA Medical Center, 2200 
Gage Blvd., Topeka, KS 66622. EOE. 1a 


GENERAL AND INTERVENTIONAL RADIOLO- 
GIST—Practice is in 200-bed, modern, primary- 
care hospital with excellent imaging and interven- 
tional facility in Troy, MI, and rotation is ir our 
major, tertiary-care medical center with resid2ncy 
and fellowship training programs. Send applica- 
tions to Thomas Verhelle, M.D., Chief, Diagnostic 
Radiology, William Beaumont Hospital, 4420- De- 
quindre Rd., Troy, MI 48084. 11-1a 


NEW ORLEANS—Large, well-established rediol- 
ogy group has immediate opening for BC/BE radi- 
ologist interested in all aspects of radiovwgy, 
including vascular, leading to partnership. Prac- 
tice includes hospitals, office, and imaging center 
including GE Signa MR. Send CV to Belanger, 
Beauchamp, Neitzschman & Hendler (APMC), 
c/o Harold R. Neitzschman, M.D., 4400 General 
Meyer Ave., Ste. 211, New Orleans, LA 70131: 
(504) 368-5074. 11-1ap 


ANGIO/INTERVENTIONAL—Large private rac- 
tice, 3 hospitals, Northeast Philadelphia suturbs 
and Trenton, NJ. All areas of diagnostic radiology 
with expertise in angio/interventional reqvired. 
Available July 1990 or sooner. Send letter and CV 
to L. Ratner, M.D., 838 W. State St., Trenton, NJ 
08618. 12-1ap 


FACULTY NEURORADIOLOGIST, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL—The 
Dept. of Radiology at Thomas Jefferson Univer- 
sity Hospital and Jefferson Medical College, 
Philadelphia, will have a new faculty neurcradi- 
ology position available July 1, 1990. This is due 
to rapid growth in our neuro/ENT division and the 
opening of 3 additional MRI units by that date. Jef- 
ferson has very large and active neurology, n2uro- 
surgery, and ENT clinical services, as well as 
strong commitments to research and teacning. 
Our Neurosciences Imaging Center includes 
angio, myelography, CT, and MRI units togather 
in a discrete area of the dept. The current neuro/ 
ENT division includes 5 full-time faculty and 4 
fellows. Candidates can be either at the jun or or 
senior level; rank and compensation will be deter- 
mined by previous experience. Excellent salary 
and benefits are provided. Contact David C. Levin, 
M.D., Chairman, Dept. of Radiology, Thomas Jef- 
ferson University Hospital, Philadelphia, PA 19107. 
Jefferson is an equal opportunity/a‘firmative 
action employer. 1xa 
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MAMMOGRAPHY/ULTRASOUND—Private 
practice. Board-certified. Fellowship ideal, but not 
necessary. No weekends or call. Available imme- 
diately. Contact Irwin Schiller, DO., Breast Diag- 
nostic Centers, 411 Strander Blvd., Ste. 303, 
Seattle, WA 98188; (206) 575-9123. 11-1ap 


RADIOLOGIST—BC diagnostic radiologist with 
fellowship training in interventional radiology 
wanted to join 6-person group in DC-Baltimore 
area. Fast-growing practice includes hospital and 
private office. Opportunity for early partnership. 
Must be familiar with all imaging modalities, 
including CT, ultrasound, nuclear medicine, and 
MAI. Start July 1990. Send CV to Box W16, AJR 
(see address this section). 11-1ap 


NEURORADIOLOGIST—The Dept. of Radiology 
at Yale Uriversity School of Medicine is seeking 
2 neuroradiologists for full-time academic posi- 
tions. Rank is commensurate with experience. 
Research opportunities are stressed in a strong 
academic dept. with state-of-the-art radiologic 
equipment. Candidates must be board-certified 
or eligible, with fellowship training in neuroradi- 
ology. Please send CV to Gordon Sze, M.D., 
Director, Neuroradiology, Dept. of Diagnostic 
Radiology, Yale University School of Medicine, 
333 Cedar St., P. O. Box 3333, New Haven, CT 
06510. Yale University is an equal opportunity/ 
affirmative action employer. Applications from 
women and minority groups are encouraged. 
Application deadline is Jan. 31, 1990. 11-1a 


TAMPA, FLORIDA—Vascular/interventional and 
general d agnostic radiologist sought to join an 
expanding, 12-person group serving 2 private 
hospitals. Board certification with fellowship or 
postgraduate training required. Excellent first-yr 
salary with entrance into partnership by second 
yr. The quality of our practice, lifestyle, and com- 
munity are excellent. Please send CV with letter 
of inquiry to Box W6, AJR (see address this 
section). 11-lap 


DIAGNOSTIC RADIOLOGIST—Progressive, 
4-member group in eastern North Carolina seeks 
BC/BE radiologist. ACR-accredited practice in- 
cludes 3&0-bed regional referral hospital, out- 
patient office, and women’s diagnostic center. 
State-of-the-art equipment. Excellent financial 
package. Send letter and CV to Box W8, AJR (see 
address this section). 11-4ap 


NORTHERN CALIFORNIA/SAN FRANCISCO 
BAY AREA—The Permanente Medical Group is 
seeking a BC radiologist with multimodality inter- 
ests and fellowship training in MR or interven- 
tional radiology to join a 10-person group serving 
a 337-bec acute-care hospital and 2 outpatient 
clinics. Teaching opportunities are available with 
residents of subspecialty services on rotation from 
Stanford University Hospital and our own medical 
residents. We are currently siting a GE 1.5-T MRI 
system and installing a new LU arm. Competitive 
salary and excellent benefits. Please send in- 
quiries and CV to Bruce Baker, M.D., Chief, Dept. 
of Radiology, Kaiser-Permanente Medical Center, 
900 Kiely Blvd., Santa Clara, CA 95051; 
(408) 236-4444. EOE. 11-1a 


THE OREGON HEALTH SCIENCES UNIVER- 
SITY, Deot. of Radiology, Portland, OR, invites 
applicaticns for faculty positions in MRI, neuro- 
radiology. general radiology, skeletal radiology, 
vascular and interventional radiology, GU 
radiology. pediatric radiology, computed body 
tomography, and ultrasound. A second Ph.D. 
NMR scientist also is being sought. The Oregon 
Health Sciences University is an affirmative ac- 
tion, equal opportunity employer. Send CV to 
Richard W. Katzberg, M.D., Chairman of Diag- 
nostic Radiology, L340, The Oregon Health 
Sciences University, 3181 SW. Sam Jackson Park 
Rd., Port and, OR 97201-3098. 5-4ap 


CLASSIFIED ADVERTISEMENTS 


INTERVENTIONAL RADIOLOGIST—We are a 
large private-practice group with 2 busy full-time 
interventional radiologists and are looking for a 
third interventionalist. Our practice is at a large 
tertiary-care hospital that is the major teaching 
facility for the University of Illinois College of 
Medicine at Peoria. The hospital has several resi- 
dency programs. Opportunities for teaching 
abound. Our practice includes laser angioplasty, 
arthrectomy, biopsies, filter placements, and ma- 
jor GU and biliary procedures. We have 2 well- 
equipped angiographic suites. We offer 1 yr to 
partnership. Contact Terry Brady, M.D., St. Fran- 
cis Medical Center, 530 N. E. Glen Oak Ave., 
Peoria, IL 61637; (309) 655-2448. 11-1ap 


ASSOCIATE POSITION, BOSTON, MA—Angio/ 
interventional, full-time associate position 
available July 1, 1990, at Tufts New England 
Medical Center Hospitals. Section has 2 staff, 2 
fellows, 5 RT, 2 RN, and 1 secretary. We perform 
1500 exams/yr. 40% interventional and pediatric/ 
angio. Responsibilities only in section. Academic 
rank at Tufts University School of Medicine. Start- 
ing salary will be based on candidate's experi- 
ence. Must be ABR-certified, have interventional 
fellowship, and full Massachusetts license. Con- 
tact Victor G. Millan, M.D., Tufts New England 
Medical Center Hospitals, Box 253, 750 Washing- 
ton St., Boston, MA 02111; (617) 956-5961 
(Barbara). 11-1ap 


OPPORTUNITY FOR YOUNG, WELL-TRAINED, 
AGGRESSIVE RADIOLOGIST to join 5-person 
group in a small, midwestern city near St. Louis. 
Excellent equipment including mobile MRI. Com- 
petitive salary leading to early partnership. Reply 
to Box U40, AJR (see address this section). 1xap 


THE DEPT. OF RADIOLOGY AT TRIPLER ARMY 
MEDICAL CENTER, HONOLULU, HI, is recruiting 
academically oriented radiologists for several divi- 
sions of the dept.: ultrasound, CT and/or MRI, in- 
terventional radiology, chest radiology, 
neuroradiology, and general diagnostic radiology. 
Our dept. offers a fully accredited residency pro- 
gram with 16 residents and 16 attending full-time 
staff. Numerous consultants from across the 
country lecture on a continuing and regular basis. 
The hospital is a modern, tertiary-care center ser- 
vicing Hawaii and the entire Pacific basin. A 
strong residency program, a diverse and in- 
teresting patient population, excellent equipment, 
and a tropical lifestyle are positive aspects of the 
practice. Academic credentials and/or experience 
are necessary. Recently graduated fellows are 
encouraged to apply. Board certification is man- 
datory. Candidates should be particularly inter- 
ested in patient care, teaching, and research. 
Salary and benefits are competitive and gener- 
ous. Tripler is an EO/EEO employer. Please con- 
tact Dr. Mark F. Hansen, Col, MC, Chief, Dept. of 
Radiology, TAMC, HI 96859-5000; (808) 433-6393. 
1a 


DIAGNOSTIC RADIOLOGIST—Eight board-cer- 
tified radiologists in expanding, hospital-based, 
private practice seek BC/BE general radiologist 
to associate. Competence in all modalities ex- 
pected, with need for interventional and/or MRI 
training emphasized. Opportunity in midwestern 
city of 72,000 people offers generous compensa- 
tion/vacation. Full partnership after 2 yr. Reply to 
Box U44, AJR (see address this section). 10-1a 


IMMEDIATE OPENING FOR BC/BE RADIOLO- 
GIST to join 6 radiologists in practice at 300-bed, 
teaching hospital in greater Boston area. Should 
have some interest in special procedures and 
interventional procedures. Salary negotiable, 
leading to partnership. Send CV to Herbert D. 
Weintraub, M.D., Framingham Union Hospital, 
115 Lincoln St., Framingham, MA 01701; 
(508) 626-3525. 10-1ap 
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ULTRASOUND STAFF RADIOLOGIST, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL—The 
Dept. of Radiology at Thomas Jefferson Univer- 
sity Hospital in Philadelphia has an immediate 
faculty opening in its Division of Diagnostic Ultra- 
sound. This is an exciting opportunity for a per- 
son with combined clinical, research, and teach- 
ing interests. Our ultrasound division is 1 of the 
largest and best-equipped in the world, with 
responsibility for the full range of ultrasound 
exams, including obstetrical, vascular, endorec- 
tal and endovaginal, interventional, Doppler, 
operative, and gallstone and kidney stone litho- 
tripsy. Excellent salary and benefits are provided. 
Interested applicants should contact Barry 
Goldberg, M.D., Director of Diagnostic Ultra- 
sound, or David Levin, M.D., Chairman, Dept. of 
Radiology, Thomas Jefferson University Hospital, 
Philadelphia, PA 19107. Thomas Jefferson Uni- 
versity is an equal opportunity/affirmative action 
employer. 8-1ap 


DIAGNOSTIC RADIOLOGIST sought to join a 
fee-for-service group practice in a 458-bed Bronx 
hospital. Board certification with expertise in ultra- 
sound, MRI, CT, special procedures, and general 
diagnostic radiology preferred. Send CV to St. 
Barnabas Radiological Associates, P. O. Box 
4332, Great Neck, NY 11027, or call M. Gade, 
M.D.; (212) 960-6171. 8-1ap 


PACIFIC NORTHWEST—Opportunity for BC/BE 
general diagnostic radiologist to join group of 5 
board-certified radiologists. Experience in all 
modalities desired. Practice includes 2 hospitals 
and private office in Southern Oregon. Com- 
petitive starting salary with early full partnership. 
Excellent lifestyle with many outdoor activities 
from Pacific Coast to Oregon Cascades. Send CV 
to John McCaffrey, M.D., Roseburg Radiologists, 
PC., P. O. Box 1547, Roseburg, OR 97470. 11-1ap 


PACIFIC NORTHWEST—Unique opportunity for 
BC diagnostic radiologist interested in joining 
private, office-based practice in Seattle suburb. 
Expertise and interest in CT and ultrasound re- 
quired. Address inquiries, including CV to Harold 
Shulman, M.D., Talbot Rd. Radiology, 4300 Talbot 
Rd. S., Renton, WA 98055; (206) 228-6000. 12-1a 


BELOIT, Wi—Three board-certified radiologists 
seek a fourth for a dynamic diagnostic and inter- 
ventional practice in a community hospital, multi- 
specialty clinic, and private office. All imaging 
modalities are represented. The hospital is affili- 
ated with the University of Wisconsin. Beloit is on 
the Illinois-Wisconsin state line not far from Mad- 
ison, Milwaukee, and Chicago. Write or call 
Thomas J. Lisk, M.D., Beloit Radiology, Ltd., 1969 
W. Hart Rd., Beloit, WI 53511; (608) 364-5266 or 
(815) 623-6010. An excellent opportunity. 10-1ap 


KENNER ARMY COMMUNITY HOSPITAL, a 
120-bed facility, is seeking a second full-time, 
board-certified/eligible radiologist trained in ultra- 
sound, mammography, CT, and general radiology. 
The dept. consists of 5 examination rooms, 10 
technicians, support staff, and modern equip- 
ment. Located on Fort Lee in Petersburg, VA, the 
hospital is situated 25 min south of Richmond and 
within 3 hr of historic Williamsburg, Washington, 
DC, and Virginia Beach. Paid vacation; salary 
negotiable. Submit inquiries to Lt. Col. Gayle 
Humm, Deputy Commander for Clinical Services, 
Kenner Army Community Hospital, Fort Lee, VA 
23801; (804) 734-5058. Fort Lee is an equal oppor- 
tunity employer. 1a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 11-1xa 


AJR:154, January 1990 


EIGHTH WINTER CONGRESS: DAVOS, SWIT- 
ZERLAND—March 19-17, 1990. Category | 
accreditation; internatianal faculty. MRI, CT, ultra- 
sound, and interventional. For information, 
contact Medical Sem nars, 9800 D Topanga 
Canyon Blvd., Ste. 232, Chatsworth, CA 91311; 


CLASSIFIED ADVERTISEMENTS 


LOIRE VALLEY BICYCLE ULTRASOUND CON- 
GRESS, Sept. 22-29, 1990. Optional, following 
Sixth Londor-Paris Fall Ultrasound Congress. For 
information, contact Medical Seminars Interna- 
tional, Inc., 9800 D Topanga Canyon Blvd., Ste. 
232, Chatsworth, CA 91311; (818) 700-9821. 1-3e 
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(818) 700-9821. 10-2e 


AJR Classified Advertisements Information 


Box Responses and Address for Ad Placement 


Write Box , AJR, 2223 Avenida de la Playa, Suite 200, La Jolla, CA 92037-3218; 
(619) 459-222¢: FAX: (619) 459-8814. 


How to Place an Ad 


AJR accepts classified advertising for Positions Available, Positions Desired, Fel- 
lowships and Fesidencies, and Tutorials/Courses. Ads are accepted by mail or FAX. 

Rates: $6.00"line with a $30 minimum charge. Box service is $10 additional for each 
month the ad appears. There are discounts for multiple insertions: 10% for 2-3 in- 
sertions; 20% for 4 or more. To estimate lines, count all words and divide by 7. 

Billing: Ads must be prepaid, or advertisers will be billed after the ad appears 
providing a purchase order number is submitted with the advertising copy. Terms are 


net 30 days. 


Deadlines: € weeks prior to issue date. For specific deadlines, telephone the AJR 
editorial office. 


Estimating Ad Charges 
Line charge: divide total words by 7 and multiply by $6.00 
Multiple insert ons? If so, multiply by number 

Subtotal 


Discount applies to two or more insertions. Subtract 10% if ad 
appears 2-3 months, 20% if 4 months or more 
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Want it faster? Call FREE 
1-800-638-0672 from anywhere in the 
U.S. Maryland residents call 528-4221 
COLLECT. 
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Payment Options 
Save postage and handling charges by enclosing your payment or 
charging your order. 
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MANUAL OF STYLE 


The one to consult 
hether it’s a multi-volume work or a short article, 


you'll find the write stuff in the AMA Manual of Style. 

This 8th Edition, a major revision, is the standard among 
medical publishers. All major aspects of manuscript prepara- 
tion are covered in five sections which outline: @ Preparing 
an article for publication @ Style @ Terminology @ Mea- 
surement and Quantitation @ Technical Information and 
Bibliography. 

You'll find everything you need to make your article a 
success including: @ Legal and Ethical Matters @ Grammar 
è Punctuation @ Word Use @ Foreign Words and Phrases 
è Diacritics ® Abbreviations @ Units of Measure © Num- 
bers and Percentages @ Mathematics @ Statistics @ Produc- 
tion and Printing Terms @ Editing and Proofreading Marks 
è Eponyms @ Nomenclature @ Greek Alphabet @ Virus 
Names @ SI Units and Conversion Tables @ Expanded Col- 
lection of Graphs and Charts @ Bibliography @ Resources 
for On-Line Databases. 

Next time you have a question about making your 
medical writing more clear, concise and 
accurate, be ready with one simple answer — 


the AMA Manual of Style. Order your 


copies of AMA Manual of Style (4351-X) at $24.95 
per copy. If not completely satisfied, | may return the book within 30 days at 
no further obligation (US only). 
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Fuji Computed 
Radiography — AC-1 


Albany Medical Center, Albany, New York has 
been testing the FCR AC-1 since March, 1989. 


According to Dr. William Hendrick, associate professor of 

radiology at the center, “Computed Radiography is ideal for use 

in the medical center's Intensive Care Unit (ICU) where patients 
are often immobilized. You can't afford to move ICU patients 
around, and you can't keep repeating x-rays. This approach reduces 
the need for retakes, saving on film costs: Since a photostimulable 
phosphor imaging plate is used in a cassette in place of x-ray film, 
the energy required is significantly less—up to 85% dosage reduction 
is possible. Dr. Hendrick reports, Because the new system is more 
sensitive, it reduces the dosage of radiation to the patient yet pro- 
vides consistent high quality images: 

The computer standardizes each picture so that day-to-day differ- 
ences can be reliably attributed to changes in the patient's condition, 
rather than technique variability. According to Dr. Hendrick, 
Mm Another advantage of the new system is the potential 

> for computer storage of x-rays instead of warehouse 
= Mm. Storage. 
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SPECIAL ARTICLES 


1 Expert Advice. CT and sonographically guided needle 
biopsy: current techniques and new innovations. 
Charboneau JW, Reading CC, Welch TJ 

11 Meeting News. The Society of Uroradiology scientific 
session, September 1989. Wha/en E 
17 Perspective. How to evaluate the radiology literature. 
Black WC 
CHEST RADIOLOGY 


23 Radiographic detection of esophageal malposition- 
ing of endotracheal tubes. Smith GM, Reed JC, 
Choplin RH 

27 Visceral and nodal calcification in patients with AIDS- 
related Pneumocystis carinii infection. Radin DR, 
Baker EL, Klatt EC, et al. 

33 The anterior wall stripe of the left lower lobe bronchus 
on the lateral chest radiograph: CT correlative 
study. Lang EV, Friedman PJ 

41 CT appearance of the retroaortic anastomoses of the 
azygos system. Takasugi JE, Godwin JD 

45 CT and chest radiography are equally sensitive in the 
detection of pneumothorax after CT-guided pulmon- 
ary interventional procedures. Murphy FB, Small WC, 
Wichman RD, Chalif M, Bernardino ME 

47 Case report. Life-threatening hemorrhage due to per- 
cutaneous transthoracic intervention: importance of 
the internal mammary artery. Glassberg RM, Suss- 
man SK 

51 Lung hernia: radiographic features. Bhalla M, Leitman 
BS, Forcade C, Stern E, Naidich DP, McCauley DI 

55 Pictorial essay. CT of blunt chest trauma. Kerns SR, 
Gay SB 

61 Dysphagia due to mediastinal fibrosis in ad- 
vanced pulmonary tuberculosis. Ramakantan R, Shah P 

65 Case report. Malignant fibrous histiocytoma of the 
lung in a patient with a history of asbestos expo- 
sure. Reifsnyder AC, Smith HJ, Mullhollan TJ, Lee EL 

67 Case report. The differentiation of radiation fibrosis 
from recurrent neoplasia: a role for °P MR spectros- 
copy? Charles HC, Baker ME, Hathorn JW, Sostman D 

69 Case report. Effusion in the superior pericardial re- 
cess simulating a mediastinal mass. Winer-Muram 
HT, Gold RE 

GASTROINTESTINAL RADIOLOGY 


73 lleoanal pouches: comparison of CT, scintigraphy, and 
contrast enemas for diagnosing postsurgical com- 
plications. Thoeni RF, Fell SC, Engelstad B, Schrock 
TR 

79 CT of the extrahepatic bile ducts: wall thickness and 
contrast enhancement in normal and abnormal 
ducts. Schulte SJ, Baron RL, Teefey SA, et al. 

87 Pictorial essay. Caudate lobe of the liver: anatomy, 
embryology, and pathology. Dodds WJ, Erickson Su, 
Taylor AJ, Lawson TL, Stewart ET 

95 Gastrointestinal complications of cytosine-arabino- 
side chemotherapy: findings on plain abdominal ra- 
diographs. Tjon A Tham RTO, Vlasveld LT, Willemze R 

99 The diagnosis of bowel infarction: a comparison of 
plain films and CT scans in 23 cases. Smerud MJ, 
Johnson CD, Stephens DH 

105 Case report. Blue rubber bleb nevus syndrome: CT 
i diagnosis of intussusception. Tyrrel RT, Baumgartner 
BR, Montemayor KA 
107 Sonographic detection of pneumoperitoneum in pa- 
tients with acute abdomen. Lee DH, Lim JH, Ko YT, 
Yoon Y 
GENITOURINARY RADIOLOGY 


111 Self-retaining intraurethral stent: an alternative to 
long-term indwelling catheters or surgery in the 
treatment of prostatism. Yachia D, Lask D, Rabinson S 

115 The posterior intercostal approach for percutaneous 
renal procedures: risk of puncturing the lung, 
spleen, and liver as determined by CT. Hopper KD, 
Yakes WF 







119 Case report. Surgical lateral ovarian transposition: CT 
appearance. Newbold R, Safrit H, Cooper C 


MUSCULOSKELETAL RADIOLOGY 


121 Rotator cuff tears: diagnosis with sonography. Vick 
CW, Bell SA 

125 Sonographic evaluation of bone production at the dis- 
traction site in llizarov limb-lengthening procedures. 
Young JWR, Kostrubiak IS, Resnik CS, Paley D 

129 Review. The current role of tenography and bur- 
sography. Baker KS, Gilula LA 

135 Treatment of suppurative arthritis by percutaneous 
catheter drainage. Renner JB, Agee MW 


PEDIATRIC RADIOLOGY 


139 Ovarian teratomas: a comparison of the sonographic 
appearance in prepubertal and postpubertal girls. 
Sisler CL, Siegel MJ 

143 Sonography of tacial features of alobar and semilobar 
holoprosencephaly. McGahan JP, Nyberg DA, Mack 
LA 

149 Technical note. Magnet catheter for removal of mag- 
netic foreign bodies. Towbin RB, Dunbar JS, Rice S 


NEURORADIOLOGY . . fA 


151 Assessment of extradural degenerative disease with 
Gd-DTPA-enhanced MR imaging: correlation with 
surgical and pathologic findings. Ross JS, Modic MT, 
Masaryk TJ, Carter J, Marcus RE, Bohiman H: i 

159 Tears of the anulus fibrosus: assessment with Gd- : 
DTPA-enhanced MR imaging. Ross JS, Modic MT, r 
Masaryk TJ 

163 Synovial cysts of the lumbosacral spine: diagnosis by 
MR imaging. Liu SS, Williams KD, Drayer BP, Spetzler 
RF, Sonntag VKH 

167 MR imaging of Tolosa-Hunt syndrome. Yousem DM, 
Atlas SW, Grossman RI, Sergott RC, Savino PJ, Bosley 
TM 


VASCULAR RADIOLOGY 


171 Percutaneous transluminal angioplasty of the infra- 
popliteal arteries: results in 53 patients. Bakal CW, 
Sprayregen S. Scheinbaum K, Cynamon J, Veith FJ 

175 Diagnosis of femoropopliteal venous thrombosis with 
MR imaging: a comparison of four MR pulse se- 
quences. Totterman S, Francis CW, Foster TH, Brenner 
B, Marder VJ, Bryant AG 

179 Technical note. Catheter for conversion of retrograde 
to antegrade femoral artery catheterization. Pate/ YD 

181 Case report. Transcatheter embolization of a ruptured 
abdominal aortic stump. Terasaki KK, Allgood M, 
Finck EJ, Pentecost MJ 

183 Technical note. Simple technique for redirecting mal- 
positioned central venous catheters. Recht MP, 
Burke DR, Meranze SG, Cope C i 


RADIATION BIOLOGY 


185 Estimated fetal radiation dose from multislice CT 
studies. Felmlee JP, Gray JE, Leetzow ML, Price JC 


OTHER CONTENT 


Book reviews and videotape reviews 16, 32, 40, 50, 
54, 64, 72, 86, 94, 114, 124, 134, 142, 158 
71 ARRS 1990 resident award papers information 
118 Memorial, Pau! L. Rogers 
191 The Society of Uroradiology 1989 meeting abstracts 
199 Letters 
206 Books received 
207 Review of current literature 
212 Forthcoming articles 
213 News 
216 Invitation to the 1990 ARRS meeting 
219 1990 ARRS meeting summary 
220 ARRS membership information and application 
223 American Roentgen Ray Society information 
224 Classified advertisements 
A3 Guidelines for authors 
A8 AJR business and subscriber information 





American 
Journal of 
Roentgenology 


February 1990 
This issue: ARRS Meetina Section 





Better ^athet rtip‘ontrolst rts 
with better fingertip control. 


An easy-to-handle winged and ribbed hub is only one of formed tip follows guidewires precisely, with no gaps that 
the ways our new E-Z-Flow™ angiography catheters canbe can snag on tissue. And better radiopacity gives you 
a big improvement over the catheter you now may be using. excellent visualization. 


Control is also enhanced by the excellent curve memory E-Z-Flow catheters are available from authorized E-Z-EM 
of our new, smooth nylon composite material, and the distributors worldwide, and are fully supported by our 
outstanding torque characteristics of our reliable one- network of technical representatives. For more information, 
piece design. The perfectly round lumen of our precision- call us at 1-800-544-4624. 


For both the patient 

and the practitioner, 
E-Z-EM products set the 
standards for convenience, 
safety, and quality in: 


w Gi Radiology 

w Interventional Radiology 
w CT Scanning 

w Ultrasound 


w Magnetic Resonance 
imaging 


w Angiography 

m CEA Immunostaining 
m Radiation Oncology 
m Patient Prepping 

m Protective Products 


= Computerized Information 
Management Systems 


EZEMe 


E-Z-EM, Inc. 

7 Portland Avenue 

Westbury, NY 11590 

Circle 5 on the Reader Service Card 
= 





High flow rates i e ision tracking Excellent ¢ pi 


© 1989, E-Z-EM, Inc. 





PEE 
Official Journal of the American Roentgen Ray Society 

American Journal of Roentgenology 

Diagnostic Imaging and Related Sciences 
Editor-In-Chief Robert N. Berk, La Jolla, California 

University of California, San Diego 
School of Medicine and Medical Center 
Editor Emeritus Melvin M. Figley, Seattle, Washington 
Associate Editor Saskia von Waldenburg Hilton, San Diego, California 
Consulting Editor Michael S. Huckman, Chicago, Illinois 
Statistician Charles C. Berry, San Diego, California 
Editorial Board 

John R. Amberg John R. Hesselink Peter M. Ronai 
Itamar Aviad Charles B. Higgins Sjef H. J. Ruijs 
Mark E. Baker Melvyn T. Korobkin Stuart S. Sagel 
Lawrence W. Bassett Faye C. Laing David J. Sartoris 
Michael A. Bettmann Thomas L. Lawson Stefan C. Schatzki 
William G. Bradley, Jr. Robert G. Levitt William P. Shuman 
N. Reed Dunnick Bruce L. McClennan Edward A. Sickles 
David K. Edwards Richard P. Moser Barry A. Siegel 
Ronald G. Evens Albert A. Moss David D. Stark 
David S. Feigin Jeffrey H. Newhouse Edward T. Stewart 
Sandra K. Fernbach Donald L. Resnick Murali Sundaram 
Richard H. Gold Stewart R. Reuter Eric vanSonnenberg 
William R. Hendee Charles A. Rohrmann, Jr. Robert K. Zeman 


Editorial Staff: Margaret Levene, managing editor, Katie L. Spiller, Barbara Rose, 
Barbara L. Halliburton, and Janine Anderson, manuscript editors; Nancy Rydbeck, office 
manager; Sheri Smith, administrative assistant, Sandra L. Griffin, administrative 
secretary. 


AJR, AMERICAN JOURNAL OF ROENTGENOLOGY (ISSN 0361 803X) is the official journal of the American Roentgen Ray 
Society and is published monthly by Williams & Wilkins, 428 E. Preston St., Baltimore, MD 21202. Annual dues include $50 for 
journal subscription. Second-class postage paid at Baltimore, MD, and at additional mailing offices. Postmaster, send address 
changes (Form 3579) to AJR, 428 E. Preston St., Baltimore, MD 21202. Subscription rates $110 ($155 foreign, $244 Japan); 
institutions $120 ($165 foreign, $254 Japan); in training $25 ($70 foreign, $159 Japan); single copy $16 ($19 foreign). Japanese 
rates include airfreight. Japanese yen price is available from our sole agent USACO Corporation, 13-12, Shimbashi 1-Chome, 
Minato-Ku, Tokyo 105, Japan, telephone 03-502-6471. Airmail rates furnished on request. Indexed by Current Contents and Index 
Medicus. Copyright © 1990 by American Roentgen Ray Society. 0361-803X/90$2.00 


NYU 
Medical 
Center 


k: N 
rate Med 


POST GRADUATE COURSE IN 
BONES & JOINTS (CT & MR) 


FRIDAY - SUNDAY APRIL 6-8, 1990 


THE GRAND HYATT HOTEL 


A nationally recognized faculty will provide a comprehensive and practical review and update of recent 
development in CT and MRI of spine and extremities. Small group workshops on CT & MRI of spine and 
extremities, emphasizing problems encountered in every day practice of radiology are given on Friday 


and Saturday. 


FACULTY: Michael M. Ambrosino, Hossein Firooznia, Nancy B. Genieser, Cornelia N. Golimbu, 
Stephen A. Kieffer, Irvin I. Kricheff, Andrew W. Litt, Richard S. Pinto, Mahvash Rafii, Jeffrey Weinreb. 


ACCREDITATION: 16 Category I Credit Hrs. FEE: $320 


NYU Post Graduate Medical School 
550 First Avenue, New York NY 10016 


(212) 340-5295 








AJR2/90 





Prenatal Diagnosis of Congenital Anomalies 


An in depth course for: 
æ Radiologists, 
# Obstetricians, 
# Residents, 
æ Fellows, 
æ Sonographers, 
Genetic counselors. 


Hotel reservations 


are handled by Club Med at 
their number: 1-800-CLUB-MED. 


Philippe Jeanty, MD, PhD 
Prenatal Diagnosis of 
Congenital Anomalies 
Vanderbilt University 

Dept. of Diagnostic Imaging 
2Ist & Garland 

Nashville, TN 37232-2675 
Phone: (615) 322-0999 

Fax: (615) 322-3764 


Topics 


Amniocentesis and chorion villus sampling 

amniotic fluid 

Biochemical dosages (AFP, acetyl cholinesterase...) 
Biophysical profile 

Cardiac anomalies 

Color and pulsed wave Doppler 

Cranial and spinal anomalies 

Diabetes, hypertension and toxemia 

Ectopic pregnancy 

Facial, neck and chest anomalies 

Fetal anatomy, biometry and gestational age 

Fetal blood sampling 

First trimester complications 

Gastrointestinal anomalies 

Genetics of congenital malformations 

Genitourinary anomalies 

Growth retardation 

Infertility monitoring 

interventional procedures in the fetus and in GYN 
Routine scanning, Level I and Level II scans 
Musculoskeletal anomalies 

Physics, pitfalls and artifacts in OB ultrasound 
Placenta, cord and membranes 

Premature labor, premature rupture of the membranes 
Selecting equipment 

Transvaginal and perineal scans in OB-GYN 
Trisomies and other aneuploid anomalies 
Trophoblastic disease 

Twins and multiple gestation 
Videotapes and case reviews 





Registration 


The course registration fee for physicians is $600 
for reservations made before January 1, 1990 ($800 thereafter). 
There is a $200 discount fee for allied professionals such as 


sonographers, technologists and genetic counselors. Registrations Cosponsored by the 
for the course should be sent to our address (see box). In the American Institute of 
event of cancellation, refunds will be made (less a $50 administration ae ; RA 
fee) if written notice is received prior to March 1, 1990. Refunds Ultrasound in Medicine 





will not be made thereafter. Approved for 32 hours of CME 


AJR Guidelines for Authors 





Address new and revised manuscripts, correspondence, 
and classified ads to the Editor: 
AJR Editorial Office 
2223 Avenida de la Playa, Suite 200 
La Jolla, CA 92037-3218 
Telephone: (619) 459-2229; FAX: (619) 459-8814 

Inquiries regarding subscriptions, display advertising, re- 
prints, or permission to republish AJR material should be 
addressed to the publisher: 

The Williams & Wilkins Co. 
428 E. Preston St. 
Baltimore, MD 21202 Telephone: 1-800-638-5423 

The AJR publishes original contributions to the advance- 
ment of medical diagnosis and treatment. Submitted manu- 
scripts should not contain previously published material and 
should not be under consideration for publication elsewhere. 
Papers dealing with neuroradiology should be addressed to: 
American Journal of Neuroradiology, Dept. of Radiology, Mas- 
sachusetts General Hospital, Boston, MA 02114. At the dis- 
cretion of the AJR Editor, AJNR articles that are of interest to 
the general reader may be republished in the AJR. Neuro- 
radiologic papers sent to the AJR will be forwarded to the 
Editorial Office of the AJNR. 

Manuscript decisions are based on peer review. Reviewers 
receive manuscripts without title pages to ensure an unbiased 
review. Statements made in the article, including changes 
made by the Editor or manuscript editor, are the responsibility 
of the author and not of the AJR or its publisher. Authors will 
be sent the edited manuscript, galley proof, and proofs of 
illustrations. If the corresponding author will be unavailable to 
review galleys, arrangements should be made for a coauthor 
or colleague to read and return the proof. 

The following guidelines are based on instructions set forth 
in the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals (Ann Intern Med 1988; 108:258-265). 
Articles will be edited, however, to conform to the individual 
Style of AJR. 


General Guidelines for Major Papers 


Abstract. Clearly state (in 200 words or less) the purpose, 
methods, results, and conclusions of the Study. Include actual 
data. 

Introduction. Briefly describe the purpose of the investiga- 
tion and explain why it is important. 

Methods. Describe the research plan, the materials (or 
subjects), and the methods used, in that order. Explain in 
detail how disease was confirmed and how Subjectivity in 
observations was controlled. 

Results. Present results in a clear, logical sequence. If tables 
are used, do not duplicate tabular data in text, but do describe 
important trends and points. 

Discussion. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 
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purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 


AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, 
sign the copyright form on the reverse side of this page, 
and include both with the manuscript. 


Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 

If appropriate, AJR Guidelines for case reports, tech- 
nical notes, pictorial essays, or letters to the Editor have been 
followed. (See page A5.) 

The manuscript, including references, figure leg- 
ends, and tables, is typed double-spaced on 8⁄2 x 11 in. 
(21.6 x 27.9 cm) nonerasable paper. Right-hand margins are 
not justified. 

All manuscript pages are numbered consecutively 
beginning with the abstract. Authors’ names do not appear 
on the manuscript pages. 

The manuscript is organized as follows: title page, 
blind title page (title only), abstract, introduction, methods, 
results, discussion, acknowledgments, references, tables, fig- 
ure legends, and figures. 

Informed consent has been obtained trom patients 
who participated in clinical investigations. If experiments were 
performed on animals, authors complied with NH guidelines 
for use of laboratory animals. 

Use of unfamiliar acronyms and abbrevations is kept 
to a minimum. When abbreviations are used they are defined 
at first mention, followed by the abbreviation in parentheses. 

Metric measurements are used throughout, or the 
metric equivalent is given in parentheses. 

Names and locations (city and state only) of manu- 
facturers are given for equipment and nongeneric drucs. 


Title Page 


The following information is given: title of article; 
names and complete addresses (including zip code) of all 
authors; current addresses of authors who have moved since 
Study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress, phone number, and Fax number are giver. 

Two copies of a blind title page are incluced giving 
only the title (without the authors’ names) for use in the review 
process. 


Abstract 


An abstract of approximately 200 worcs concisely 
States the purpose, methods, and results of the study in one 
paragraph. Actual data are included. Conclusions are stated 
in a second, Summary paragraph. 

No abbreviations or reference citations are used. 


References 





___ References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 
All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 
_________ Unpublished data are not cited in the reference list, 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 
This includes papers submitted, but not yet accepted, for 
publication. 
__ Inclusive page numbers (e.g., 333-335) are given 
for all references. 
______ Journal names are abbreviated according to Index 
Medicus. 
_______ Style and punctuation of references follow the for- 
mat illustrated in the following examples (all authors are listed 
when six or less; when seven or more authors, the first three 
are listed, followed by “et al.”): 





Journal article 
1. Long RS, Roe EW, Wu EU, et al. Membrane oxygenation: radiographic 
appearance. AJR 1986;146:1257-1260 


Book 
2. Smith LW, Cohen AR. Pathology of tumors, 6th ed. Baltimore: Williams & 
Wilkins, 1977: 100-109 


Chapter in a book 
3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone 
metastases. Baltimore: Williams & Wilkins, 1983:165-180 


Paper presented at a meeting 
4. Lau FS, Kirk AN. MR imaging of the spine. Presented at the annual 
meeting of the American Roentgen Ray Society, Washington, DC, April 1986 


Tables 


________ Each table is typed double-spaced on a separate 
page without vertical or horizontal rules; each has a short, 
descriptive title. Tables do not exceed two pages in length 
and contain at least four lines of data. 

_ Tables are numbered in the order in which they are 
cited in the text. 





Abbreviations are defined in an explanatory note 
below each table. 

Tables are self-explanatory and do not duplicate 
data given in the text or figures. 

All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 


Figures and Legends 


Two complete sets of original figures are submitted 
unmounted in labeled envelopes. 

Figures are clean, unscratched, 5 x 7 in. (13 x 18 
cm) glossy prints with white borders. A separate print is 
submitted for each figure part. 

All figure parts relating to one patient have the same 
figure number. 

Each figure is labeled on the back with the figure 
number and an arrow incicating “top.” For black-and-white 
figures, labeling is done on a gummed label, which is then 
affixed to the back of the print. Never use labels on color 
figures, but write figure number on the back lightly in pencil. 
Never use ink on front or back of any figures. 

Author’s names are not written on the backs of 
figures. 





Only removable (rub-on) arrows and letters are used 
on the figures. Symbols are uniform in size and style and are 
not broken or cracked. 

________ Images are uniform in size and magnification. 

Line drawings are done in black ink on a white 
background. They are professional in quality, and all use the 
same size type. (Only glossy prints are acceptable.) 
= Written permission has been obtained for use of all 
previously published illustrations (and copies of permission 
letters are included), and an appropriate credit line is given in 
the legends. 

________ Legends are typed double-spaced, and figure num- 
bers correspond with the order in which the figures are cited 
in the text. 
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Case Reports 


A case report is a brief description of a special case that 
| provides a message that transcends the individual patient. 
Format. There is no abstract. The introduction should 
_ be a short paragraph giving the general background and 
_ the specific interest of the case. No more than one case 


| tioned briefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
| to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radio ogic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of three or four, unless the text is 
shortened accordingly. Legends must not repeat the text. 

Tables and Acknowledgments. Not appropriate in case 
reports. 





should be described in detail (similar ones can be men- | 
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Pictorial Essays 


A pictorial essay is an article that conveys its message 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 
scientific meeting. They are not encyclopedic book chap- 
ters. No abstract is necessary. 

Length. Maximum of four double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 

Tables and Acknowledgments. Not appropriate in pic- 
torial essays. 














Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Format. Include a title page but no abstract. Headings 
may be used to break up the text. 

Length. Maximum of five double-spaced, typewritten 
pages. 

References. Maximum of five. 


Tables and Figures. Maximum of four. 

















Technical Notes 


_ A technical note is a brief description of a specific 
technique or procedure, modification of a technique, or 
equipment of interest to radiologists. | 

Format. No abstract, headings, or subheadings are re- 
quired. If headings are used, they should be a combination 
of “Case Report,” “Materials and Methods,” “Results,” and 

_ “Discussion.” A brief one-paragraph introduction should 

be included to give the general background. Discussion 

should be limited to the specific message, including the 
uses of the technique or equipment. Literature reviews 
and lengthy case reports are not appropriate. 

Length. Maximum of five double-spaced, typewritten 

_ pages, including the references but not the title page or 

figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened 
accordingly. 

Tables and Acknowledgments. Not appropriate in tech- 
nical notes. 















Letters to the Editor and Replies 





Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. _etters 
may also discuss matters of general interest to radiolo- 
gists. Do not end a letter with a hand-written signature. 

Format. All letters should be typed double-spaced on 
nonletterhead paper, with no greeting or salutation. Name 
and affiliation should appear at the end of the letter. Titles 
for letters should be short and pertinent. The title for a 
reply is simply “Reply.” 

Length. Maximum of two double-spaced, typewritten 
pages, including references. 

References. Maximum of four. 

Figures. Maximum of two. 

Tables and Acknowledgments. Not appropriate in Let- 
ters to the Editor and Replies. 





















Computer Page Articles 


Articles published on the computer page deal with prac- 
tical computer applications to radiology. 

Format. Include a title page but no abstract. 

Length. Maximum of eight double-spaced, typewritten 
pages. 

References. Maximum of five. 

Figures and Tables. Maximum of five. Computer print- 
_ outs are not acceptable. Figures must be submitted as 5 
_ X 7 in. glossy prints. 











All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist and the signed 
Copyright Agreement. 
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gography should not be performed during the menstrual 
period; in pregnant patients; in patients with known infection 
in any portion øf the genital tract: or in patients in whom 
cervical conizatien or curettage has been performed within 
30 days. Arthregraphy should not be performed if infec- 
tion is present imor near the joint. 


WARNINGS 
lonic iodinated contrast media inhibit blood coagulation, in 
vitro, more than nonionic contrast media. Nonetheless, it is 
prudent to avoid prolonged contact of blood with syringes con- 
taining ionic contrast media. 

Serious, rarely fatal, thromboembolic events causing 
myocardial infarction and stroke have been reported during 
angiographic proeedures with both ionic and nonionic contrast 
media. Therefore, meticulous intravascular administration 
technique is necessary, particularly during angiographic pro- 
cedures, to mimmize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe 
material, underlying disease state, and concomitant medica- 
tions may contribute to the development of thromboembolic 
events. For these reasons. meticulous angiographic tech- 
niques are recommended including close attention to guide- 
wire and catheter manipulation, use of manifold systems 
and/or three-way stopcocks, frequent catheter flushing 
with heparinized saline solutions and minimizing the length 
of the procedure. The use of plastic syringes in place of glass 
syringes has been reported to decrease but not eliminate 
the likelihood of in vitro clotting 

As with any contrast medium, serious neurologic sequelae, 
including permanent paralysis, can occur following cerebral 
arteriography, selective spinal arteriography and arteriography 
of vessels supplying the spinal cord. The injection of a contrast 
medium should never be made following the administration 
of vasopressors. since they Strongly potentiate neuro- 
logic effects. 

In patients withssubarachnoid hemorrhage, a rare associa- 
tion between contrast administration and clinical deterioration, 
including convulsions and death, has been reported. 
Therefore, administration of intravascular iodinated contrast 
media in these patients should be undertaken with caution. 

A definite risk exists in the use of intravascular contrast 
agents in patients wno are known to have multiple myeloma. \n 
Such instances anusia has developed, resulting in progressive 
uremia, renal failure and eventually death. Although neither the 
contrast agent nor éehydration has separately proved to be the 
Cause of anuria in myeloma, it has been speculated that the 
combination of both may be a causative factor. The risk in 
myelomatous patients is not a contraindication to the pro- 
cedure; however, partial denydration in the preparation of 
these patients for the examination is not recommended since 
this may predispose to precipitation of myeloma protein in 
the renal tubules. No form of therapy, including dialysis, has 
been successful in reversing the effect. Myeloma, which 
Occurs most commonly in persons over 40, should be con- 
sidered before instituting intravascular administration of 
contrast agents. 

Administration af radiopaque materials to patients known 
or suspected to have pheochromocytoma should be per- 
formed with extreme caution. It, in the Opinion of the 
physician, the possible benefits of such procedures outweigh 
the considered risks, the procedures may be performed: 
however, the amount of radiopaque medium injected should 
be kept to an absolute minimum. The blood pressure should be 
assessed throughou! the procedure, and measures for treat- 
ment of a hypertensive crisis should be available. 

Since intravascular administration of contrast media may 
promote sickling in individuals who are homozygous for sickle 
cell disease, fluid restriction is not advised. 

In patients with advanced renal disease, iodinated contrast 
media should be used with caution and only when the need for 
the examination dictates, since excretion of the medium may 
be impaired. Patients with combined renal and hepatic 
disease, those with severe hypertension or congestive heart 
failure and recent renal transplant recipients present an 
additional risk. 

Renal failure has been reported in patients with liver 
dysfunction who were given am oral cholecystographic agent 
followed by an intravascular iodinated radiopaque agent and 
also in patients with occult rena’ disease, notably diabetics and 
hypertensives. In these classes of patients there should be no 
fluid restriction and every attempt made to maintain normal 
hydration prior to contrast medium injection, since dehydra- 
tion is the single mest important factor influencing further 
renal impairment. 

Caution should be exercised in performing contrast 
medium studies in patients with endotoxemia and/or those 
with elevated body temperatures. 

Reports of thyroid storm eccurring following the intra- 
vascular use of iodinated radiopaque agents in patients with 

ism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated before 
use of this drug. lodine-containing contrast agents may alter 
the results of thyroid function tests which depend on iodine 
estimation, e.g., PBI, and may aiso affect results of radioactive 
iodine uptake studies. Such tests, if indicated, should be per- 
formed prior to the administration of this preparation. 


PRECAUTIONS 

Diagnostic procedures which involve the use of iodinated 
intravascular contrast agents should be carried out under the 
direction of personnel skilled anc experienced in the particular 
procedure to be performed. All procedures utilizing contrast 
media carry a definite risk of producing adverse reactions. 
While most reactions ae minor, life-threatening and fatal reac- 
tions may occur without warning, and this risk must be 
weighed against the benefit of the procedure. A fully equipped 
emergency cart, or equivalent supplies and equipment, and 
personnel competent in recognizing and treating adverse reac- 
tions of all types should always be available. If a serious reac- 
tion should occur, immediately discontinue administration. 
Since severe delayed reactions have been known to occur, 
emergency facilities and competent personnel should be avail- 
able for at least 30 to 60 minutes after administration. (See 
ADVERSE REACTIONS# 

Preparatory dehydration is dangerous and may contribute 
to acute renal failure in infants, young children, the elderly, 
patients with pre-existing renal insufficiency, patients with 
multiple myeloma, patients with advanced vascular disease 
and diabetic patients. 


Acute renal failure has been reported in diabetic patients 
with diabetic nephropathy and in Susceptible non-diabetic 
patients (often elderly with >re-existing renal disease) follow- 
ing the administration of iodinated contrast agents. Therefore, 
careful consideration of the >otential risks should be given be- 
fore performing this radiographic procedure in these patients. 

Severe reactions to contrast media often resemble allergic 
responses. This has prompted the use of several provocative 
pretesting methods, none ot which can be relied on to predict 
severe reactions. No conclusive relationship between severe 
reactions and antigen-antibody reactions or other man- 
ifestations of allergy has been established. The possibility of an 
idiosyncratic reaction in patients who have previously received 
a contrast medium without i! effect should always be consid- 
ered. Prior to the injection of any contrast medium, the patient 
should be questioned to obtzin a medical history with empha- 
Sis on allergy and hypersensitivity. A positive history of bron- 
chial asthma or allergy (including food), a family history of 
allergy, or a previous reaction or hypersensitivity to a contrast 
agent may imply a greater than usual risk. Such a history may 
be more accurate than pre-testing in predicting the potential for 
reaction, although not necessarily the severity or type of reac- 
tion in the individual case. A positive history of this type does 
not arbitrarily contraindicate tne use of a contrast agent when a 
diagnostic procedure is thought essential, but does call for 
caution. (See ADVERSE REACTIONS.) 

Prophylactic therapy including corticosteroids and anti- 
histamines should be considered for patients who present with 
a strong allergic history, a previous reaction to a contrast 
medium, or a positive pre-test since in these patients the inci- 
dence of reaction is two to three times that of the general 
population. Adequate doses of corticosteroids should be 
Started early enough prior to contrast medium injection to be 
effective and should continue *hrough the time of injection and 
for 24 hours after injection. Artihistamines should be adminis- 
tered within 30 minutes of the contrast medium injection. 
Recent reports indicate that such pre-treatment does not 
prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. A separate syringe should be 
used for these injections. 

General anesthesia may be indicated in the performance of 
some procedures in selected patients: however, a higher 
incidence of adverse reactions has been reported in these 
patients, and may be attributadle to the inability of the patient 
to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase 
the duration of contact of the contrast agent. 

Angiography should be voided whenever possible in 
patients with homocystinuria because of the risk of inducing 
thrombosis and embolism. 


PRECAUTIONS FOR 


SPECIFIC PROCEDURES 

Pediatric Angiocardiography: \t is advisable to monitor for 
ECG and vital signs changes throughout the procedure. 

When large individual doses are administered, sufficient 
time should be allowed for any observed changes to return to 
or near baseline prior to making the next injection. 

Caution should be used when making right heart injections 
in patients with pulmonary hypertension or incipient heart fail- 
ure, since this may lead to increased right side pressures with 
subsequent bradycardia and systemic hypotension. Patients 
with pulmonary disease present additional risks. 

Caution is advised in cyanotic infants since apnea, 
bradycardia, other arrhythmias and a tendency to acidosis are 
more likely to occur. 

Since infants are more likely to respond with convulsions 
than are adults, the amount o' total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing less than 7 kg, particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds. 

Selective Coronary Arteriagraphy with or without left 
ventriculography: During the administration of large doses of 
HEXABRIX, continuous monitoring of vital Signs is desirable 
Caution is advised in the admiristration of large volumes to 
patients with incipient heart failu-e because of the possibility of 
aggravating the pre-existing condition. Hypotension should be 
corrected promptly since it may result in serious arrhythmias. 

Special care regarding dosage should be observed in 
patients with right ventricular failure, pulmonary hyper- 
tension, or stenotic pulmonary vascular beds because of 
hemodynamic changes which may occur after injection into 
the right heart outflow tract. 

Peripheral Arteriography: Moderate decreases in blood 
pressure occur frequently with intra-arterial (brachial) in- 
jections. This change is usually transient and requires no 
treatment; however, the blood pressure should be monitored 
for approximately ten minutes following injection. 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasation and fluoroscopy is 
recommended. This is especialty important in patients with 
severe arterial disease. 

Cerebral Angiography: Cerebral angiography should be 
performed with special caution in patients with advanced 
arteriosclerosis, severe hypertension, cardiac decompen- 
sation, senility, recent cerebral thrombosis or embolism, and 
migraine. 

Intra-Arterial Digital Subtracfon Angiography: The risks 
associated with IA-DSA are those isually attendant with cathe- 
ter procedures. Following the procedure, gentle pressure 
hemostasis is required, followed by observation and 
immobilization of the limb for several hours to prevent 
hemorrhage from the site of arterial puncture. 

Patient motion, including respration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Intravenous Digital Subtraction Angiography: The risks 
associated with IV-DSA include those usually attendant with 
catheter procedures and include intramural injections, vessel 
dissection and tissue extravasaticn. The potential risk is re- 
duced when small test injections ot contrast medium are made 
under fluoroscopic observation to insure that the catheter tip is 
properly positioned and, in the case of peripheral placement, 
that the vein is of adequate size. 

Patient motion, including respi-ation and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Peripheral Venography: Special care is required when 
venography is performed in patients with suspected 
thrombosis, phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system. 

Extreme caution during injection of contrast media is 
necessary to avoid extravasation and fluoroscopy is 
recommended. This is especially mportant in patients with 
severe arterial or venous disease. 

Excretory Urography: Infants and small children should 
not have any fluid restrictions pricr to excretory urography. 
(See WARNINGS and PRECAUTIONS concerning preparatory 
dehydration.) 


/ioxaglate sodium 19.6% injection) 


Contrast Enhancement in Body Computed Tomography: 
Patient cooperation is essential since patient motion, including 
respiration, can markedly affect image quality. The use of an 
intravascular contrast medium can obscure tumors in patients 
undergoing CT evaluation of the liver, resulting in a false nega- 
tive diagnosis. Dynamic CT scanning is the procedure of 
choice for malignant tumor enhancement. 

Arthrography: Strict aseptic technique is required to pre- 
vent the introduction of infection. Fluoroscopic control should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection. Aspiration 
of excessive synovial fluid will reduce the pain on injection and 
prevent the dilution of the contrast agent. It is important that 
undue pressure not be exerted during the injection. 

Hysterosalpingography: Caution should be exercised in 
patients suspected of having cervical or tubal carcinoma to 
avoid possible spread of the lesion by the procedure. 
Delayed onset of pain and fever (1-2 days) may be indicative of 
pelvic infection. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term animal studies have been performed to evaluate 
Carcinogenic potential. However, animal studies Suggest that 
this drug is not mutagenic and does not affect fertility in males 
or females. 

Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to two times the 
maximum adult human dose and have revealed no evidence of 
impaired fertility or harm to the fetus due to HEXABRIX. There 
are, however, no adequate and well controlled studies in preg- 
nant women. Because animal reproduction studies are not 
always predictive of human response, this drug should be 
used during pregnancy only if clearly needed. 

Nursing Mothers: \oxaglate salts are excreted unchanged in 
human milk. Because of the potential for adverse effects in 
nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of 
this drug. 

Pediatric Use: Safety and effectiveness in children has been 
established in pediatric angiocardiography and intravenous 
excretory urography. Data have not been submitted to sup- 
port the safety and effectiveness of HEXABRIX in any other 
indication. 

(Precautions for specific procedures receive comment 
under that procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fall into two 
Calegones: chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physiochemical 
properties of the contrast media, the dose and the speed 
of injection. All hemodynamic disturbances and injuries 
to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include all other reactions. They 
occur more frequently in patients 20 to 40 years old. 
Idiosyncratic reactions may or may not be dependent on the 
dose injected, the speed of injection, the mode of injection and 
the radiographic procedure. Idiosyncratic reactions are 
Subdivided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration: the severe 
reactions are life-threatening and treatment is urgent and 
mandatory. 

NOTE: Not all of the following adverse reactions have been 
reported with HEXABRIX. Because HEXABRIX is an iodinated 
intravascular contrast agent, all of the side effects and toxicity 
associated with agents of this class are theoretically possible, 
and this should be borne in mind when HEXABRIX is 
administered. 

Severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred following the administra- 
tion of HEXABRIX as well as other iodine-containing contrast 
agents. Most deaths occur during injection or 5 to 10 minutes 
later; the main feature being cardiac arrest with cardiovascular 
disease as the main aggravating factor. Isolated reports of 
hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the 
administration of conventional iodinated contrast agents 
range from 6.6 per 1 million (0.00066 percent) to 1 in 
10,000 patients (0.01 percent). 

Regardless of the contrast agent employed, the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures. 
Cardiac decompensation, serious arrhythmias, or myo- 
cardial ischemia or infarction may occur during coronary 
arteriography and left ventriculography. 

The most frequent adverse reactions are nausea, vomiting, 
facial flush and a feeling of body warmth. These are usually of 
brief duration. In double-blind clinical trials, HEXABRIX pro- 
duced less discomfort upon injection (pain and heat) when 
compared to various other contrast agents. Other reactions 
include the following: 

Hypersensitivity reactions: Dermal manifestations of 
urticaria with or without pruritus, erythema and maculopapu- 
lar rash. Dry mouth. Sweating. Conjunctival symptoms. 
Facial, peripheral and angioneurotic edema. Symptoms 
related to the respiratory system include sneezing, nasal 
Stuffiness, coughing, choking. dyspnea, chest tightness and 


wheezing, which may be initial manifestations of more severe 
and infrequent reactions including asthmatic attack. laryngo- 
spasm and bronchospasm with or without edema. pulmonary 
edema. apnea and cyanosis. Rarelr, these allergic-type 
reactions can progress into anaphylexis with loss of con- 
Sclousness, coma, severe cardiovascular disturbances, 
and deeth. 

Caroiovascular reactions: Generalized vasodilation, flush- 
ing anc venospasm. Occasionally thrombosis or, rarely, 
thrombophlebitis. Extremely rara cases of disseminated 
intravascular Coagulation resulting in death have been 
reported. Severe cardiovascular responses include rare cases 
of hypotensive shock, coronary insufficiency, cardiac 
arrhythmia, fibrillation and arrest. These severe reactions are 
usually reversible with prompt and appsopriate management: 
however, fatalities have occurred 

Technique reactions: Extravasation with burning pain, 
hematomas, ecchymosis and tissue necrosis, vascular 
constriction due to injection rate, thrombosis and 
thrombophlebitis. 

Neurological reactions: Spasm. convalsions, aphasia, syn- 
Cope, paresis, paralysis resulting from spinal cord injury and 
pathology associated with the synd-ome of transverse 
myelitis, visual field losses which ere usually transient but may 
be permanent, coma and death. 

Other reactions: Headache, trembing, shaking, chills 
without fever, hyperthermia and lightheadedness. Temporary 
renal shutdown or other nephropetty. 

Pediatric angiocardiography has been complicated by 
intramural injection with marked adverse effects on cardiac 
function. 

During selective coronary arteriography with or without left 
ventriculography, patients may have Cinically insignificant 
ECG changes. The following adverse effects have occurred in 
Conjunction with the administration of iodinated intravascular 
contrast agents for this procedure: hypotension, shock. 
anginal pain, myocardial infarction, cardiac arrhythmias 
(bradycardia, ventricular tachycardia, ventricular fibrillation) 
and cardiac arrest. Fatalities have been reported. Com- 
plications to the procedure include dissection of coronary 
arterics, dislodgement of atnerometcus Plaques, perforation, 
hemorrhage and thrombosis. 

Following peripheral arteriography, hemorrhage and 
thrombosis have occurred at the puncture site of the per- 
Cutaneous injection. Brachial plexus injury has been reported 
following axillary artery injection. 

The major causes of cerebral arte-iographic adverse reac- 
tions appear to be repeated injections of the contrast material, 
administrétion of doses higher thar thoserecommended. the 
presence of occlusive atherosclerotic vascular disease and the 
method and technique of injection. Acverse reactions are nor- 
mally mild and transient. A feeling of warmth in the face and . 
neck is frequently experienced. Intrequertly, a more severe 
burning dscomfort is observed. Transient visual hallucina- 
tions have been reported. Serious reurolagical reactions that 
have been associated with cerebral angiography and not listed 
under Adverse Reactions include stroke, amnesia and respira- 
tory difficulties. Visual field defects wita anepsia and reversible 
neurological deficit lasting from 24 hours to 48 hours have 
been reported. Confusion, disorientation with hallucination. 
and absence of vision sometimes lasting ‘or one week have 
also been reported. Cardiovascular reacticns that may occur 
with some ‘requency are bradycardia and ether an increase or 
decrease in systemic blood pressura. Tae blood pressure 
change is transient and usually requires no treatment. 
Arthrograpny may induce joint pain er discomfort which is 
usually mild and transient but occasionaily may be severe 
and persist for 24 to 48 hours following the procedure. 
Effusion requiring aspiration may cecu” in patients with 
rheumatoid arthritis. Fever and pain, cramping and tender- 
ness of the abdomen have been reported following 
hysterosalpingography. 


OVERDOSAGE 

Overdosages may occur. The adverse effects of overdosage 
are life-threatening and affect mainly the pulmonary and car- 
diovascular systems. The symptoms may include cyanosis, 
bradycardia acidosis, pulmonary hemorrhage, convulsions, 
coma and cardiac arrest. Treatment of en overdose is directed 
toward the support of all vital functions and srompt institution 
of symptomatic therapy. 

loxaglate salts are dialyzable. 

The intravenous LOso values of HEXABRIX (in grams of 
iodine/kilogram body weight) were 11 2 g-kg in mice, > 8 
g/kg in rats, >6.4 g/kg in rabbits and > 10.2 g/kg in dogs. 


DOSAGE AND ADMINISTRATION 


Details on dosage are provided in the package insert. CON- 
SULT FULL PACKAGE INSERT BEFORE USE. 
Rev. Nov. 1989. 
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The New PUCK CM Filmchanger... 


The innovative PUCK CM Filmchanger, when inte- 
grated into an appropriate diagnostic X-ray system, 
permits viewing each individual exposure in a film- 
changer series on a TV monitor. Correct catheter 
position and proper vessel filling can be verified in- 
stantaneously, providing the examining physician with 
an important new control. PUCK CM, of course, per- 
forms all position-independent filmchanger functions 


Vilejalice è 


with Filmchanger Operation 


Schematic drawing shows the 
PUCK CM Filmchanger in operat- 


This is just one of the many important new features 
you will benefit from when you choose the new PUCK 
CM Filmchanger System from Elema-Schonander. Call 
us for a demonstration. 

Elema-Schonander, Inc. 

2360 N. Palmer Drive, P.O. Box 94517 
Schaumburg, IL 60173-3887 

Phone: (708) 397-5900 
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Hemostatic Evaluation Before Abdominal Interventions: 


An Overview and Proposal 


Stuart G. Silverman, "°? Peter R. Mueller,’ and Richard C. Pfister’ 


Despite many years of routine interventional practice, no 
specific guidelines exist on how to evaluate a patient’s he- 
mostatic function before a procedure. In many institutions, 
patients are often tested for prothrombin time (PT), partial 
thromboplastin time (PTT), and platelet count with little regard 
for the type of procedure planned or the patient's history. 
Clearly, not all patients need to undergo these tests routinely. 
In a complex climate of increasing litigation and rising health- 
care costs, how can we best identify the unsuspected bleeder 
or evaluate the suspected bleeder? 

No published radiologic studies have specifically examined 
these questions. A prospective randomized investigation of a 
large number of patients needs to be performed, whereby 
numerous factors including patient’s history, procedure per- 
formed, techniques used, and laboratory tests all would be 
examined amd compared with specific outcomes. 

Using nonvascular abdominal interventions as a model, we 
propose specific guidelines on how to evaluate a patient’s 
hemostatic function before an interventional procedure. The 
recommendations are based on Rapaport’s preoperative as- 
sessment of 1983 [1] and modified for interventional radiol- 
ogy. The basic idea is that the extent of the laboratory 
evaluation is determined by the patient's medical history and 
the procedure planned. This allows minor procedures to be 
done in healthy patients without laboratory testing, and a 
thorough laboratory evaluation can be done both before in- 
vasive procedures and in patients whose history suggests a 
bleeding disorder. We hope these guidelines will someday 
serve as a template for prospective study or at least provide 


a working guide to the interventional radiologist in everyday 
practice. 

Basic mechanisms of normal hemostasis, laboratory tests, 
and disorders of coagulation are reviewed first. Abdominal 
interventions are then divided into two groups, minor and 
major, according to bleeding potential. Finally, the pr2proce- 
dural hemostatic assessment is formulated on the basis of 
the screening history and the procedure planned. 


Basic Laboratory Tests in Normal and Abnormal 
Hemostasis 


Normal hemostasis has two basic components [2]: primary 
hemostasis is the formation of a platelet plug, and secondary 
hemostasis is the formation of fibrin as a result of a cascade 
of interactions of the plasma coagulation system. 

Effective primary hemostasis occurs after platelet adhesion, 
platelet granule release, and platelet aggregation. The platelet 
count is the basic test of primary hemostasis. The normal 
platelet count ranges from 150,000 to 450,000 platelets per 
cubic millimeter of blood. The propensity to bleed generally 
correlates with the platelet count. Patients with platelet counts 
between 50,000 and 100,000 may bleed after severe trauma. 
In patients with platelet counts less than 50,000, cutaneous 
ecchymosis may develop after minor trauma [3]. The risk of 
spontaneous bleeding becomes significant at platelet counts 
less than 10,000-20,000. Because of its frequency, throm- 
bocytopenia should be excluded first as the cause of abnor- 
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mal bleeding. The causes of thrombocytopenia are many and 
include bone marrow replacement (tumor) or failure (drugs, 
aplastic anemias); hypersplenism; and increased destruction 
of platelets from nonimmune causes (Sepsis, vasculitis, vas- 
cular prostheses), disseminated intravascular coagulation, or 
immune causes (systemic lupus erythematosus, drugs) [3]. 

A more stringent measure of primary hemostasis is the 
bleeding time which, although more difficult to determine, can 
be used to screen for abnormal platelet function, which may 
be due to a platelet deficiency or abnormal platelets. The 
bleeding time is the interval required for hemostasis after a 
standardized superficial incision (1-2 mm deep, 5 mm long) 
in the forearm skin while venous pressure is maintained at 40 
mm Hg. A normal result is between 4 and 7 min, but the time 
varies slightly depending on the method used [4]. Isolated 
qualitative platelet abnormalities (normal platelet count, ab- 
normal bleeding time) are usually due to the ingestion of 
certain drugs, such as aspirin and other nonsteroidal antiin- 
flammatory agents, or to uremia [5]. The hemostatic defect 
due to aspirin is usually minor: 1.5-2 min prolongation of the 
bleeding time [6]. Restoration of platelet function usually takes 
3-4 days after the last dose of aspirin [6], but may take as 
long as 7-10 days [5]. The defect can be magnified, however, 
by virtually any other abnormality in hemostasis. Ingestion of 
aspirin before surgery is actually quite common. In one study, 
42% of patients used aspirin within 72 hr of an unexpected 
operation. Thirty-six percent of these patients had abnormal 
bleeding times (up to 16 min) but had no increased perioper- 
ative blood loss [7]. Other studies have shown an increased 
risk of bleeding after a variety of surgical procedures [8, 9]. 
The significance of antiplatelet drug ingestion before proce- 
dures is therefore controversial [5]. Although the bleeding 
time can be used to evaluate the severity of the aspirin- 
induced hemostatic defect, the predictive value of the bleed- 
ing time before surgery or interventional procedures has not 
been defined. 

Secondary hemostasis is the formation of fibrin. Fibrin is 
the end product of a series of enzymatic reactions, summa- 
rized in Figure 1, involving the plasma coagulation factors 
[2]. The figure emphasizes the two pathways by which the 
coagulation scheme can be activated. The intrinsic pathway 
is measured by the partial thromboplastin time (PTT) and the 
extrinsic pathway by the prothrombin time (PT). After factor 
X is activated by either pathway, there is a common sequence 
whereby factor II (prothrombin) is converted to thrombin, 
which in turn results in the formation of fibrin. This last step, 
the conversion of fibrinogen to fibrin, is measured with the 
thrombin clotting time (TCT). Factor XIII, not shown in Figure 
1, is necessary to stabilize the fibrin clot. 

The PTT is prolonged whenever there is significant reduc- 
tion of one or more of the factors in the intrinsic pathway. 
The PT is prolonged whenever the amount of one or more of 
the factors in the extrinsic pathway is reduced significantly. 
Both the PT and the PTT are prolonged when deficiencies 
occur in factors X and V, prothrombin, and fibrinogen because 
these are common to both pathways. An isolated abnormality 
of TCT is seen if only abnormalities of the conversion of 
fibrinogen to fibrin occur. The screening tests are normal in 
the rare patient with factor XIII deficiency, which can be 
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Fig. 1.—Summary of plasma coagulation sequence. Note that intrinsic 
pathway is measured by partial thromboplastin time (PTT), extrinsic path- 
way is measured by prothrombin time (PT), and fibrinogen-fibrin conversion 
by thrombin clotting time (TCT). Lower case “a” designates the activated 
factors. PL = phospholipid; Ca** = calcium. 


detected with a clot solubility test. This test will show that the 
clot is soluble in 5 mol/l urea or 1% monochloroacetic acid if 
factor XIII is deficient [1, 10, 11]. Table 1 is a diagnostic guide 
to analyzing the results of these basic tests of hemostasis 
[2]. 

Patients most likely to present with hemostatic problems 
to the interventional radio ogist include those taking antico- 
agulants and those with underlying clinical conditions that 
affect primary or secondary hemostasis (Table 2) [2]. Warfa- 
rinlike drugs (€.g., coumarin) inhibit the vitamin K-dependent 
factors Il, VII, IX, and X, thus affecting PT predominantly. 
Heparin accelerates the action of antithrombin, an important 
regulator of coagulation. The effect of heparin is generally a 
prolonged PTT; however, a milder prolongation of PT can be 
observed [12]. The combination of a prolonged TCT and a 
normal reptilase time is a strong indication that a prolonged 
PTT is the result of heparin [13]. 

In addition to the diseases listed in Table 2, a wide variety 
of conditions may result in abnormal hemostasis known as 
disseminated intravascular coagulation (DIC). These include 
overwhelming infection, severe physical trauma, diffuse he- 
molysis, disseminated malignant disease (particularly pros- 
tatic carcinoma and leukemia), obstetric complications such 
as placental abruption and amniotic fluid embolism, and is- 
chemic gangrene [6, 14]. These conditions are thought to 
cause bleeding by triggering diffuse coagulation through the 
release of powerful thrombogenic materials. This results in 
the consumption of platelets and coagulation factors so that 
they become depleted. Prolongation of PT and PTT, throm- 
bocytopenia, hypofibrinogenemia, and increased levels of fi- 
brin degradation products may be observed. 


Procedure Risk Groups 


The proper preprocedural hemostatic evaluation depends 
on many factors. In this section, we consider only the factors 
related to the procedure, including instruments used, target 
structure, and target location. We do not consider the oper- 
ator or the image-guidance technique. If there is a spectrum 
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PREPROCEDURE HEMOSTATIC EVALUATION 


TABLE 1: Screening Laboratory Tests in Selected Hemostatic Disorders 
Se EAR eS ES Ss er aes se re ae ES ee te ee eS ee es Se ee E SE eS Eee + See 





Clinical Bleeding Platelet i 

Bleeding PTT PT TCT Time Count Possible Defects 

Absent ABN NL NL NL NL Factor XII, lupus anticoagulant 

Present ABN NL NL NL NL XI, IX, VIII (Hemophilia) 

Present ABN ABN NL NL NL V, X, ll, coumarin, vitamin K 
deficiency, mild hepatic dis- 
ease 

Present NL ABN NL NL NL VII 

Present ABN NL NL ABN NL von Willebrand disease? 

Present ABN ABN ABN ABN NL Afibrinogenemia” 

Present NL NL NL ABN ABN Thrombocytopenia 

Present NL NL NL ABN NL Qualitative platelet disorders 

Present NL NL NL NL NL Factor XIII 

Present ABN ABN ABN ABN ABN Disseminated intravascular co- 
agulation, liver failure 

Variable NL NL ABN NL NL Dysfibrinogenemia, myeloma, 


fibrin degradation products 

Present ABN NL ABN NL NL Heparin® 
CoO ME e OE a A AS ES ST Ee o LN a ETE SE AEE EE eee ere a SS e ERAO S R r A 

Note.—Modified from White et al. [2]. PTT = partial thromboplastin time; PT = prothrombin time; TCT = thrombin 
clotting time; ABN = abnormal; NL = normal. 

* Variable partial thromboplastin time and bleeding time. 

° May have a normal bleeding time. 

“ High plasma concentration associated with a long prothrombin time. 


TABLE 2: Acquired Hemostatic Defects Associated with Selected Underlying Clinical Conditions 
{O SS Se ee a SE ES ae RR Ts a SS U EE Ee ee ae ee er ee Se ee So ee 


Underlying Type of 
Clinical Condition Hemostatic Defect Cause 








Liver disease Factor deficiency Decreased synthesis 
Fibrinolysis Decreased clearance of activators 


Thrombocytopenia Splenic sequestration 
Renal disease Thrombocytopenia Retained metabolites 
Malabsorption Multiple factor deficiency Vitamin K 
Acute leukemia Thrombocytopenia Decreased megakaryocytopoiesis 


Disseminated intravascular Increased cellular procoagulant 
coagulation (DIC) activity 

Platelet defect Abnormal thrombopoiesis 

Thrombocythemia/throm- — Hyperplastic or replaced marrow, 


Myeloproliferative disease 


bocytopenia splenic sequestration 
Lymphoma/chronic lymphocytic Decreased von Willebrand Adsorption onto tumor, autoanti- 
leukemia factor body 
Low factor VIII Autoantibody 


Thrombocytopenia Marrow replacement, splenic 


sequestration 


Dysproteinemia Thrombocytopenia Decreased production 
Prolonged thrombin clot- Inhibition of fibrin 
ting time 
Amyloidosis Factor X deficiency Adsorption by amyloid 


Vascular infiltration 
Autoantibodies to coagulation 


Capillary fragility 


Systemic lupus Factor deficiency 


proteins 
Thrombocytopenia/throm- Autoantibodies to platelet glyco- 
bocytopathia proteins 


SS a a TE Se EE SLT TEES 
Note.—Modified from White et al. [2]. 
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of percutaneous interventions that differ according to bleeding 
potential, we can divide all procedures into two groups, one 
comprising procedures with negligible bleeding risk, the other 
comprising procedures with significant hemorrhagic potential. 

We believe there are some procedures in interventional 
radiology that may proceed without laboratory testing if per- 
formed in healthy patients. This group of “minor” interven- 
tions, hereafter referred to as procedure risk group (PRG) 1, 
includes fine-needle (20 gauge or smaller) aspirations of fluid 


collections such as cysts, pseudocysts, abscesses, lympho- 
celes, hematomas, bilomas, and urinomas. Fine-needl2 aspi- 
ration of these fluid collections may be either external to or 
within an organ in which, based on the knowledge of the 
patient's anatomy from prior imaging studies, no major ves- 
sels will be traversed. Although the location of major vessels 
may not always be certain, their presence is often unlikely, 
particularly with superficial targets. Puncture of cysts and 
aspiration of superficial fluid collections have a negligible 
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bleeding potential [15]. The 0.6% incidence of minor bleeding 
in a series of over 5000 patients after renal cyst puncture 
would be even lower if anteriorly located cysts were excluded. 
Hence, although traversing renal parenchyma with a fine 
needle would appear to increase the risk of bleeding, all renal 
cyst punctures and antegrade pyelography (10% macro- 
scopic hematuria) are included in PRG 1 [16]. 

PRG 2 includes all other abdominal interventions, such as 
tissue biopsy, transhepatic cholangiography, and all catheter 
placements. Within this group, even the least “invasive” pro- 
cedure, percutaneous biopsy with a fine (23 to 20 gauge) 
needle, has a small but finite risk of hemorrhage. A series of 
11,700 patients had only seven patients (0.06%) with “major” 
or “moderate” hemorrhage after fine-needle abdominal biop- 
sies [17]. However, in a more recent series of 360 patients 
undergoing abdominal mass biopsy, mostly with 22-gauge 
needles, 2.5% had a drop in hematocrit of 3% or more [18]. 
The same article reviewed the biopsy literature and reported 
an overall hemorrhagic complication rate of 1-5% [18-20]. 
Although it is tempting to postulate that significant hemor- 
rhage is more likely with larger needles (18 gauge or greater) 
and hypervascular tumors (e.g., hemangioma [18, 19] and 
hepatoma [20, 21]), these hypotheses have not been proved. 
Large-diameter needles may be necessary to obtain diagnos- 
tic tissue. The practical significance of an increased risk of 
performing biopsies on hypervascular lesions is suspect be- 
cause a priori knowledge of the presence of a hypervascular 
tumor is not always possible. Significant bleeding with smaller 
(20 and 22 gauge) needles is probably unavoidable. In a large 
questionnaire sampling 63,108 biopsies, only 27 patients 
required blood transfusions; however, three deaths resulted 
from biopsies with 22-gauge needles (adrenal angiosarcoma, 
myeloma, liver metastasis from lung primary) in patients with 
normal hemostatic parameters at the time of the procedure 
[22]. Given this experience, there is a low but finite incidence 
of significant hemorrhagic complications, and therefore all 
tissue biopsies, regardless of technique and lesion, are placed 
in PRG 2. 

Hemorrhage associated with catheter drainage of abscess 
and fluid collections occurs in approximately 4% of patients 
and is usually minor [23]. This series of 250 patients included 
two who had “major hemorrhages” and one who died from 
direct laceration of a mesenteric vessel with a 16-gauge 
needle. 

Transient hematuria (<72 hr), both macroscopic and micro- 
scopic, is SO Common in percutaneous nephrostomy that 
often it is not considered a complication [24]. Clinically insig- 
nificant retroperitoneal hemorrhage diagnosed on CT has 
been reported in 13% of patients with normal bleeding param- 
eters [25]. Persistent hematuria and significant perirenal hem- 
orrhage is rare; however, a 1% rate of massive hemorrhage 
requiring embolization or surgery after percutaneous nephros- 
tomy has been described [26], and a large and ultimately fatal 
perirenal hematoma has been reported in a patient with DIC 
[24]. Bleeding requiring blood transfusion has been reported 
in 3% of patients after percutaneous nephrolithotomy, about 
0.5% of whom required balloon tamponade or embolization 
[27, 28). 
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The risk of hemorrhage with biliary drainage is also signifi- 
cant, with a 3% reported incidence of major (>500 ml) bleed- 
ing and a 1% mortality rate directly attributed to hemorrhage 
in 200 patients [29, 30]. Although a 22-gauge needle often is 
used, transhepatic cholangiography is placed in this category. 
On the basis of a large survey of 2000 patients, the incidence 
of bleeding after transhepatic cholangiography, including one 
death due to intraperitoneal hemorrhage, was 1% [31], but 
may be as high as 4% [32]. 

Significant gastrointestinal bleeding has been reported in 
approximately 1% of patients after percutaneous feeding 
gastrostomy, although this is a relatively new procedure in 
interventional radiology [33]. Table 3 summarizes the cate- 
gorization of abdominal interventions into PRG 1 and PRG 2. 


Preprocedural Hemostatic Assessment 


The primary means for identifying a potential bleeder is the 
patient’s clinical history (Table 4). Although the history is 
significant, it alone is not adequate to screen all patients. 
Subclinical defects or alterations that may have developed 
since an uneventful surgical or interventional procedure may 
be missed if one considers the history alone. Patients who 
are unreliable historians, or who are too ill to give a history, 
also need laboratory testing as part of the evaluation. On the 
basis of the screening history, a patient can be considered 
tentatively as having no hemostatic defect or as possibly 
having a bleeding disorder. This knowledge, coupled with the 
PRG, will determine which tests, if any, are necessary. On 
the basis of Rapaport’s preoperative recommendations [1], 
we have formulated similar guidelines for interventional radio- 
logic procedures; PRG 1 procedures are the minor group and 
PRG 2 procedures are the major group. Four possible levels 
of categorization then exist (Table 5). 


Level 7 


The patient has no history of a hemostatic defect, and the 
planned procedure is in PRG 1. No laboratory tests are 


TABLE 3: Procedure Risk Groups (PRG): Stratification of 
Nonvascular Abdominal Interventions According 

to Bleeding Potential 

SS AS Re ene A TT 


Procedures Examples 


PRG 1: Significant bleeding potential minimal 


Fine-needle fluid aspiration Fluid collection 
Paracentesis 
Cyst puncture 
Suprapubic voiding cystourethrography 
Antegrade pyelography 


PRG 2: Significant bleeding potential low but finite 


Tissue biopsy All tissues 
Catheter placement Fluid/abscess drainage 
Nephrostomy 


Nephrostolithotomy 
Biliary drainage 
Gastrostomy 
Miscellaneous Transhepatic cholangiography 


_ ji. dai 
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TABLE 4: Screening History 

BERERE a a tS 

1. Have you ever bled or developed a swollen tongue or mouth after 
Cutting or biting your tongue, cheek, or lip? 

2. Do you cevelop bruises larger than a silver dollar without being 
able to remember when or how you injured yourself? If so, how 
big was the largest of the bruises? 

3. How mamy times have you had teeth pulled and what was the 
longest time you bled after an extraction? Has bleeding ever 
Started up again the day after an extraction? 

4. What operations or prior radiologic procedures have you had, 
including minor surgery such as skin biopsies? Was bleeding after 
these procedures ever hard to stop? Have you ever developed 
unusual bruising in the skin around the area of surgery or injury? 

. Have you had a medical problem within the past 5 years requiring 
a doctor's care? If so, what was its nature? 

. What medications including aspirin or any other remedies for 
headaches, colds, menstrual cramps, arthritis, or other pains have 
you taken within the past 7-9 days. 

. Has any blood relative had a problem with unusual bruising or 
bleeding after surgery? Were blood transfusions required to con- 
trol the bleeding? 


mm JE a es Rees 
Note.—Mocified from Rapaport [1]. 
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TABLE 5: Suggested Preprocedural Hemostatic Evaluation 
Based on Screening History and Procedure Risk Groups 


LR eg eee 
Level Screening PRG Laboratory Tests 





History 
1 Normal 1 None 
2 Normal 2 PTT, platelet count 
3 Possible defect 1,2 PTT, PT, platelet count, BT, 


clot solubility test 
PTT, PT, platelet count, BT, 
clot solubility test, BT 
after 600 mg ASA, clot- 
ting factor assays, throm- 
bin time, inhibitor assays 
Re e e l M TES 
Note.—PRG = procedure risk group; PTT = activated partial thromboplastin 


time; PT = prothrombin time; BT = bleeding time; ASA = acetylsalicylic acid. 


4 Probable defect 1,2 


required. Rapaport argues that the cumulative costs to soci- 
ety of screening tests before minor surgery (e.g., dental 
extraction, excisional biopsy) outweigh the rare but non-life- 
threatening bleeding in a patient with a mild bleeding disorder 
not detectec with the history alone. No laboratory tests are 
required before minor surgical procedures if the screening 
history is normal. Similarly, we believe no laboratory testing 
is necessary in otherwise healthy patients undergoing fine- 
needle fluid aspirations. 


Level 2 


The screening history is normal, but a PRG 2 procedure is 
planned. Measurements of PTT and platelet count are sug- 
gested. Rapaport recommends obtaining only PTT and plate- 
let count for patients with a normal history, which includes 
prior surgical tests of hemostasis, about to undergo major 
surgery (€.g., cholecystectomy and bowel resection). These 
laboratory examinations will detect an unsuspected antico- 
agulant, thrombocytopenia, or occult DIC (moderate throm- 


bocytopenia, short or long PTT). Tests for qualitative platelet 
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defects are not performed; we rely instead on the absence of 
underlying predisposing conditions such as uremia or myelo- 
proliferative disorders (Table 2). 


Level 3 


This category includes all patients whose screening history 
raises the possibility of a hemostatic defect. In addition to 
measuring platelet count and PTT, bleeding time and PT 
measurements are recommended. The clot solubility test can 
be performed to screen for factor XIII deficiency [1, 10, 11]. 
If results are normal, as Rapaport suggests, the screening 
history is not abnormal enough to warrant further testing. 


Level 4 


All of these patients have a history that raises serious 
Suspicion or certainty of a hemostatic defect. This creates the 
need for a full diagnostic evaluation regardless of the proce- 
dure planned. The initial evaluation of patients in this group is 
the same as for patients in level 3. If these tests yield an 
abnormal result, then further workup is dictated by those 
abnormalities. If the level 3 tests are normal, then the following 
additional tests are recommended: (1) Bleeding time can be 
measured after an oral dose of 600 mg of aspirin to detect a 
mild qualitative platelet disorder [34]. If the planned procedure 
is urgent, however, this test should not be done because the 
deleterious effect of aspirin on platelet function may increase 
the risk of bleeding and necessitate delaying the procedure. 
(2) Specific assays for clotting factors VIII and IX can be done 
to detect a rare patient with mild hemophilia A or B presenting 
with a normal PTT. (3) Measurement of thrombin clotting time 
may reveal a rare case of dysfibrinogenemia or an anticoag- 
ulant. (4) If these results are normal, specific assays for 
circulating inhibitors such as alphaz-antiplasmin may be per- 
formed. Alphaz-antiplasmin is the main inhibitor of fibrinolysis, 
and thus a rare inherited deficiency will result in a bleeding 
tendency because of unopposed lysis of fibrin [35]. 

Within these broad guidelines, special circumstances may 
arise. An occasional level 2 patient will be found to have a 
prolonged PTT caused by the lupus anticoagulant or a defi- 
ciency of factor XII, neither of which will increase bleeding 
tendency. The lupus anticoagulant is an acquired anticoagu- 
lant initially described in patients with systemic lupus erythem- 
atosus and subsequently found to occur with other autoim- 
mune disorders, drugs, neoplasm, or as an isolated finding 
[36]. Factor XII (Hageman factor), as shown in Figure 1, is 
the first protein in the intrinsic pathway of coagulation and 
also participates in the inflammatory response and fibrinolysis. 
Levels of factor XII may vary with ethnic and racial background 
[37]. The recognition of these disorders of hemostasis, while 
allowing the interventional procedure to be performed without 
concern for hemorrhage, may contribute to the diagnosis of 
an underlying disorder. The importance of identifying this 
subset of patients is further emphasized by evidence that 
suggests that both groups of patients are at increased risk 
for thrombotic events, particularly those patients with the 
lupus anticoagulant [36, 38]. 


The issue of the use of aspirin and other nonsteroidal 
antiinflammatory agents is controversial [6, 7], and therefore 
specific recommendations are not given. When an elective 
procedure is planned in patients receiving antiplatelet drugs, 
the radiologist has several choices. The most conservative 
approach would be to delay the procedure, regardless of the 
category, and wait the necessary 3-10 days after the last 
dose of aspirin before performing the procedure [5, 6]. One 
may choose to do so only before PRG 2 procedures. Or one 
may simply accept the hemostatic defect, relying on the 
absence of any evidence of concomitant defects, a modified 
less invasive technique, and the statistical likelihood that a 
significant hemorrhagic complication as a result of aspirin 
alone is probably very low. 

It can be argued that if minor surgery is allowed to proceed 
in a healthy patient without laboratory testing, then all per- 
cutaneous procedures should follow in the same path. This 
assumes however, that all percutaneous procedures are at 
the same or lower risk compared with minor surgery, when 
in fact they may not be. The fundamental disadvantge of 
interventional radiology in this regard is that intraprocedural 
hemostasis cannot always be actively maintained. A potential 
site of bleeding can go temporarily unrecognized, and even if 
it is recognized, it cannot be treated immediately as it can 
during surgery. 

The ideas expressed herein are only a suggested proposal. 
We believe that patients should be managed individually and 
that physicians have the right and the responsibility to deviate 
from guidelines if the clinical situation warrants it, particularly 
in the case of emergent or life-saving procedures. 

In summary, the hemostatic evaluation depends first and 
foremost on the patient’s history, which if normal, allows 
many percutaneous procedures to proceed without labora- 
tory testing. If a more invasive procedure is planned, the 
normal history allows us to tailor the laboratory evaluation. 
More importantly perhaps, these broad guidelines provide for 
a thorough investigation of patients who are at significant risk 
of bleeding. Implementation of these guidelines could reduce 
health-care costs while preventing hemorrhagic complications. 
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Commentary 





Assessing Hemostatic Function Before Abdominal 
Interventions 


Samuel |. Rapaport’ 


In an article in this issue of the AJR, Silverman, Mueller, 
and Pfister [1] present specific guidelines for evaluating the 
hemostatic function of patients before abdominal interven- 
tional procedures. Their paper consists of three parts. The 
first provides a brief overview of the hemostatic process, the 
tests that screen for its normal function, and the clinical 
circumstances in which one may encounter patients with 
impaired hemostatic function. The second part summarizes 
data that forms the basis for their dividing the spectrum of 
percutaneous interventions into two procedure risk groups 
(PRGs): PRG 1, procedures with a negligible risk of bleeding 
and consisting primarily of fine-needle aspirations of fluid 
collections including renal cysts; and PRG 2, procedures with 
a small but finite risk of hemorrhage. All percutaneous tissue 
biopsies, including those performed with a 20- to 23-gauge 
needle, transhepatic cholangiography, and all catheter place- 
ments are classified as PRG 2. 

In the last section of the article, the authors extend to 
abdominal interventional procedures guidelines for selecting 
screening hemostasis tests similar to those that | described 
several years ago for evaluating the hemostatic function of 
patients before surgery [2]. In my review, patients were placed 
into one of four levels as determined by two factors: first, the 
risks for and consequences of bleeding associated with the 
planned procedure and second, the patient's hemostatic func- 
tion as evaluated from a standardized, simple screening his- 
tory. Using this screening history and the category of the 
interventional procedure, Silverman and colleagues have sim- 
ilarly classified patients into four levels, which then determine 








This article is a commentary on the preceding article by Silverman et al. 


whether preprocedural laboratory tests of hemostasis are 
performed and, if so, which ones are performed. For a level 
1 patient (PRG 1, normal screening history), no laboratory 
tests are recommended. For a level 2 patient (PRG 2, normal 
screening history), a platelet count and activated partial 
thromboplastin time (PTT) test are recommended. For a level 
3 patient (PRG 1 or PRG 2 and a screening history that raises 
the possibility of defective hemostasis), a bleeding time, pro- 
thrombin time, and clot solubility test are added to the labo- 
ratory screening tests of level 2. For a level 4 patient (in whom 
the screening history leaves one very suspicious of a signifi- 
cant hemostatic abnormality), a number of further tests, which 
are listed in their paper, are added as needed to the tests 
performed for a level 3 patient. 

As the authors recognize, performing a PTT test in patients 
with a normal screening history who are to undergo a PRG 2 
procedure will uncover occasional patients with a prolonged 
PTT who have no increased risk for bleeding. These are 
patients with factor XII deficiency (Hageman factor deficiency) 
or patients with a lupus anticoagulant. Factor XII deficiency 
never increases a patient’s risk for bleeding. Neither, appar- 
ently, does the lupus anticoagulant when it occurs as an 
isolated abnormality, prolonging only the PTT. However, if a 
patient with a lupus anticoagulant is found also to have a 
prolonged prothrombin time, then one must be sure to meas- 
ure prothrombin activity in a specific prothrombin assay before 
assuming that the patient has no increased risk for bleeding. 
In addition to antiphospholipid antibodies, the plasma cf most 
patients with the lupus anticoagulant can be shown to contain 
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antibodies that bind to prothrombin without neutralizing pro- 
thrombin’s functional activity [3]. For most patients, this has 
no known clinical consequence, but infrequently, accelerated 
clearance of prothrombin-antiprothrombin complexes in vivo 
leads to a significant hypoprothrombinemia and consequent 
increased bleeding tendency. 

The authors discuss, without reaching a specific recom- 
mendation, the problem of what to do when an interventional 
procedure is needed in a patient discovered to be taking 
aspirin. If the patient otherwise fits into level 1 or level 2, one 
may consider using the bleeding time as a guide. If the 
bleeding time by the Simplate II method [4] is less than 8 min 
(the upper limit of the range for the bleeding time of normal 
subjects not taking aspirin in the coagulation laboratory that 
| supervise), then one may feel reasonably comfortable in 
going ahead with the procedure. If the bleeding time exceeds 
8 min and the interventional procedure falls within the PRG 2 
category, then one may wish to delay the procedure until the 
bleeding time falls below 8 min unless a compelling reason 
exists for proceeding immediately. One also must be aware 
that a test of bleeding time may be indicated if a patient is 
taking other drugs known to interfere with platelet function, 
particularly carbenicillin and ticarcillin but also possibly the 
newer beta-lactam antibiotics, mezlocillin, piperacillin, and 
azlocillin [5]. 

The authors’ recommendations should accomplish their 
purpose of identifying patients with an increased risk for 
bleeding after an interventional procedure without subjecting 
all patients, in a time of growing need to contain health-care 
costs, to a battery of screening laboratory tests of hemosta- 
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sis. However, whereas one may have to determine risk level 
primarily from the screening history in a referred outpatient, 
in a hospitalized patient one also should review all information 
on the hospital record pertinent to the patient's hemostatic 
function. In addition, if a level 4 patient is identified, it would 
seem prudent for the interventional radiologist to review again 
with the primary physician the indication for a PRG 2 proce- 
dure. If the decision is to go forward, then a plan should be 
worked out, often with the help of a hematologist, for the 
management of the patient before and after the procedure. 

| believe that interventional radiologists should consider 
carefully the well-thought-out guidelines proposed by Silver- 
man, Mueller, and Pfister for evaluating hemostatic function 
before abdominal interventional procedures. However, the 
authors’ wise caveat also should be kept in mind, namely, 
“that patients should be managed individually and that phy- 
sicians have the right and the responsibility to deviate from 
guidelines if the clinical situation warrants it, particularly in the 
case of emergent or life-saving procedures.” 
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Imaging of Pulmonary Sequestration 


Richard E. Felker’ and Ina L. D. Tonkin 


Pulmonary sequestration is defined as a segment of lung 
parenchyma separated from the tracheobronchial tree and 
receiving its blood supply from a systemic artery rather than 
a pulmonary arterial branch. The arterial supply is usually from 
the aorta. Classically, it has been described in two forms: (1) 
intralobar sequestration (ILS), in which the sequestered part 
of lung lies within normal pulmonary visceral pleura, and (2) 
extralobar sequestration (ELS), in which the abnormal seg- 
ment of lung is completely separate and enclosed in its own 
pleural investment. 

The term sequestration was coined by Pryce [1] in 1946 to 
describe a disconnected bronchopulmonary mass or cyst with 
an anomalous systemic artery. Since this original description, 
terminology has become confusing as investigators have 
recognized many variants of sequestration not strictly meeting 
the original definition. The phrase spectrum of pulmonary 
sequestration was suggested by Sade et al. [2] in 1974 to 
describe this rather diverse group of pulmonary abnormalities 
that appear to be related and to have a common embryogen- 
esis. Heitzman [3] expanded this concept further by including 
in the sequestration spectrum congenital malformations pre- 
viously classified otherwise, such as lobar emphysema, con- 
genital lung cysts, and even cystic adenomatoid malformation. 
The spectrum is now recognized as a continuum, with normal 
vessels supplying abnormal lung at one end and abnormal 
vessels supplying normal lung at the other end. 

The sequestration spectrum includes all congenital lung 
anomalies in which there is abnormal connection of one or 
more of the four major components of lung tissue, namely, 
tracheobronchial airway, lung parenchyma, arterial supply, 
and/or venous drainage [4]. 





This article reviews the various abnormalities that may be 
seen in the pulmonary sequestration spectrum and discusses 
the imaging techniques that should be used for proper diag- 
nosis. 


Embryology 


In order to appreciate the popular theories concerning the 
pathogenesis of sequestration, a brief review of the develop- 
mental stages of lung embryology is helpful. 

The primitive foregut is surrounded by a vascular plexus 
that has anastomotic connections to the primitive vertral and 
dorsal aorta. The tracheobronchial component, entodermal in 
origin, meshes with the mesodermal vessels and connective 
tissue. As the primitive bronchus or so-called lung bud grows 
into the pulmonary plexus in a pseudopodlike fashion, the 
pulmonary artery, arising from the sixth branchial arch, simi- 
larly sends its branches into this foregut-mesodermal post- 
branchial pulmonary plexus. Normally the mesodermal vas- 
cular communications with the primitive aorta regress. Pro- 
ponents of a congenital origin for sequestration have 
theorized persistence of one or rarely several of these com- 
munications as a plausible explanation for development of 
systemic supply to lung [5]. Others have presented evidence 
supporting theories for an acquired etiology [6]. 

Although many theories have been suggested for devel- 
opment of sequestration and its related malformations, no 
hypothesis has been universally accepted. The mos: widely 
accepted theories are summarized in Table 1. 
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Intralobar Sequestration (ILS) 


ILS is the most common form of classic pulmonary seques- 
tration. On the basis of an extensive review of the literature 
from 1862 to 1978 by Savic et al. [13], ILS accounts for 
approximately 75% of all sequestrations. Most patients pre- 
sent with cough, sputum production, and recurrent pneu- 
monia. Over 50% are symptomatic by the age of 20. A large 
majority of cases (98%) occur in the lower lobes, usually on 
the left side (Fig. 1A). All reported cases of ILS have been 
above the diaphragm. The arterial supply is usually from the 
descending thoracic aorta (73%) (Fig. 1B). According to Savic 
et al. [13], 21% are supplied by the upper abdominal aorta, 
or celiac or splenic arteries. In decreasing order of frequency, 
the intercostal, subclavian, internal thoracic, and pericardi- 
ophrenic arteries may be supplying arteries. Multiple supplying 
arteries are seen in about 16% of cases [13]. In 95% of cases 
the venous drainage is to the left atrium via the pulmonary 
veins so that there is a left-to-left shunt, a phenomenon that 
seldom occurs in any other condition (Fig. 1C). In less than 
5% of cases venous drainage is to the systemic circulation 
via the azygos, hemiazygos, or intercostal veins or inferior or 
superior vena cava. In general, the anomalous pulmonary vein 
follows the artery: if the aberrant artery arises below or above 
the diaphragm, the vein drains also below or above the 
diaphragm [15]. 


TABLE 1: Theories Concerning the Origin of Sequestration and 
Its Variants 


SS SE LE ET I PES SESS Sa 


Reference Theory 
Pryce [1] (1946) Traction by anomalous branch of aorta 
on segment of developing lung re- 
sults in separation from normal lung 
Smith [7] (1956) Persistence of thoracic aortic arteries 


caused by insufficient pulmonary ar- 
terial supply; systemic blood pres- 
sure causes cystic degeneration of 
lung tissue 

There is no causal relationship be- 
tween nonfunctioning lung and sys- 
temic artery 

It is an acquired disease caused by a 
localized infectious process 

Normal embryonic organizer control 
fails 

Accessory lung bud develops in em- 
bryo and either becomes incorpor- 
ated into the normally developing 
lung (intralobar sequestration) or re- 
mains separate (extralobar seques- 
tration); suggested term congenital 
bronchopulmonary foregut malfor- 
mation 

Intralobar sequestration is collection of 
bronchogenic cysts associated with 
a systemic artery 

It is an acquired disease that uses nor- 
mally occurring pulmonary ligament 
arteries 

Theoretical “insult” disrupts normal 
connections producing “malinoscula- 


tion” or faulty connection 
—EEE——_ __._... 


Boyden [8] (1958) 


Gebauer and Mason 
[9] (1959) 
Blesovsky [10] (1967) 


Gerle et al. [11] (1968) 


Moscarella and Wylie 
[12] (1968) 


Stocker and Malczak 
[6] (1984) 


Clements and Warner 
[4] (1987) 
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Many believe that ILS is an acquired entity. This theory is 
supported by its rare association with other congenital anom- 
alies and its usual occurrence in infants older than 2 months 
of age. In addition, there is the almost universal presence of 
chronic inflammation and fibrosis in ILS. Recent studies by 
Stocker [15] suggest that most intralobar sequestrations are 
acquired after birth. He proposes that small systemic arteries 
in the pulmonary ligament are parasitized to supply lung that 
has a compromised vascular supply due to bronchial obstruc- 
tion in childhood [15]. Conversely, Felson [16] offers several 
reasons supporting a congenital origin for the intralobar type. 
He cites the presence of both ILS and ELS in the same 
patient, occasional bilaterality, the infrequency of ILS in the 
elderly, the association of ILS with other components of a 
venolobar syndrome, and the occurrence of ILS in twins as 
evidence for a congenital origin [16]. 


Extralobar Sequestration (ELS) 


ELS accounts for 25% of all classic pulmonary sequestra- 
tions (Fig. 2) [13]. A majority of cases of ELS (61%) occur in 
the first 6 months of life, often presenting in the first day of 
life with dyspnea, cyanosis, and feeding difficulties. Rarely, 
ELS presents like ILS with recurrent pulmonary infection or, 
if a communication with the gastrointestinal tract is present, 
with gastrointestinal symptoms. Only 10% are asymptomatic 
EIEN: 

More than 80% of cases receive arterial supply from the 
thoracic or abdominal aorta, with an additional 15% supplied 
from smaller arteries (such as splenic, gastric, subclavian, 
and intercostal). The remaining 5% obtain their blood supply 
from branches of the pulmonary artery or, rarely, from both 
systemic and pulmonary arteries. In a majority (>80%), ve- 
nous drainage is via the systemic system (i.e., azygos, hem- 
iazygos, and inferior vena cava). However, the venous drain- 
age occasionally may be in continuity with the pulmonary 
veins. In addition, the venous drainage may be mixed with 
drainage to both the systemic and pulmonary circulations. An 
ELS receiving pulmonary arterial supply is more likely to have 
a pulmonary venous drainage [15]. Like ILS, most cases of 
ELS occur on the left side [18]. 

ELS is more often found between the lower lobe and the 
diaphragm but may be located in a variety of locations includ- 
ing within the substance of the diaphragm, in the medias- 
tinum, within the lung, in the pleural or pericardial spaces, or 
in the retroperitoneum [17]. A majority (65%) of ELS cases 
have associated anomalies ranging from innocuous abnor- 
malities such as accessory spleen to complex heart disease. 
Diaphragmatic hernia is the most common associated abnor- 
mality [15]. Because of its high prevalence in infants and its 
common association with extrapulmonary anomalies, ELS 
generally has been considered a congenital anomaly. Conges- 
tive heart failure and pulmonary overcirculation are well-rec- 
ognized complications of ELS, particularly in infants [19]. Fluid 
imbalance may be reflected in both polyhydramnios during 
fetal life and anasarca in infants [15]. 
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Variants of Sequestration 

Once thought fundamentally significant, the distinction be- 
tween ILS and ELS is now considered of secondary impor- 
tance. A variety of components common to both classic forms 
may be present in any given patient. For instance, ELS and 
ILS may have venous drainage to both the left atrium and to 
the systemic circulation, combining features of both types. 
These may best be termed an ILS with mixed venous drainage 
or an ELS with mixed venous drainage (Fig. 3). Moreover, 
anomalous venous drainage can occur with any congenital 
lung malformation [21]. 





A B 


Fig. 1.—5-year-old boy with intralobar sequestration. 
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The scimitar syndrome is a well-described variant of the 
sequestration spectrum. Synonyms include pulmonary veno- 
lobar syndrome and hypogenetic lung syndrome. The char- 
acteristic abnormality is that the anomalous vein, which has 
a scimitarlike appearance, drains to the inferior vena cava. 
The entire right lung drains to the inferior vena cava or its 
junction with the right atrium. Other features that may or may 
not be present include (1) hypoplasia of right lung with dex- 
troposition of the heart, (2) anomalies of right lung lobation, 
(3) hypoplasia of the right pulmonary artery, and (4) anoma- 
lous systemic supply to the lung from the abdominal aorta or 





A, Chest radiograph after approximately 1 year of treatment for pneumonia shows Opacity (arrows) in left lower lobe and retrocardiac region 
B, Thoracic aortogram shows large supplying artery (arrow) to left lower lobe from descending aorta (Ao). 


C, Venous return is to left atrium (LA) via left lower lobe pulmonary vei 


(white arrow). Intralobar sequestration was confirmed by surgical resection. 
(Reprinted with permission from Tonkin [14].) 





Fig. 2.—3-month-old girl with extralobar sequestration. 


n (black arrow). There is also some reflux into left lower lobe pulmonary artery 





A, Posteroanterior chest radiograph in infant with mild respiratory distress shows unusual Opacity in right mid lung (arrows). 
B, On lateral projection, opacity is posterior (arrow). There was no indentation on esophagus nor esophageal distension on this view and others (not 


shown). 


C, Unenhanced CT scan shows mixed air-filled and solid mass in posterior aspect of right lung (arrows). At Surgery, supplying artery from thoracic 
aorta was identified. Venous drainage was to Systemic system via azygos vein. Pathology confirmed mediastinal extralobar sequestration. 
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its main branches [22]. A classic case of scimitar syndrome 
is shown in Figure 4. 

Forty-eight percent of cases of scimitar syndrome are as- 
sociated with an aberrant systemic artery. Asymptomatic 
cases are often detected on routine chest radiographs. The 
patients with a more severe degree of lung hypoplasia or 
associated congenital heart disease are more likely to become 
symptomatic in infancy or childhood. 

Horseshoe lung, a rare congenital anomaly, frequently is 
associated with the typical characteristics of the scimitar 
syndrome. In this condition an isthmus of pulmonary tissue 
extends from the right lung base across the midline behind 
the pericardium and fuses with the base of the left lung [23]. 
Pathologically the parenchyma of the isthmus is normal [24]. 

Other pulmonary anomalies that may demonstrate some 
overlapping characteristics of pulmonary sequestration in- 
clude cystic adenomatoid malformation, pulmonary arterio- 
venous fistula, and systemic arterial supply to normal lung. 
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Cystic adenomatoid malformation is primarily an abnormal- 
ity of the pulmonary parenchyma in which there is overgrowth 
of bronchioles [25]. The vascular supply is usually normal; 
however, occasionally there is an aberrant systemic artery 
[26]. Also, cystic adenomatoid malformation may arise in an 
otherwise classic pulmonary sequestration [4]. For these 
reasons it is thought to be closely related to pulmonary 
sequestration and its variants in the sequestration spectrum. 

Pulmonary arteriovenous fistula or pulmonary arteriove- 
nous malformation consists of abnormal connection of a 
pulmonary artery to a pulmonary vein [14]. The pulmonary 
parenchyma itself is normal. It is mentioned only because of 
the increasing evidence that it has a common embryogenesis 
with sequestration and its related anomalies. 

Systemic arterial supply to normal lung is an uncommon 
but well-recognized variant of the sequestration spectrum 
[27]. The arterial supply of a normal segment of pulmonary 
parenchyma is supplied by an aberrant vessel usually arising 


Fig. 3.—Intralobar sequestration with mixed 
venous drainage in 2-year-old boy with conges- 
tive heart failure. 

A, Chest radiograph (not shown) showed 
opacity in left lower lobe and signs of congestive 
heart failure. Digital subtraction angiogram 
shows two supplying arteries (white arrows) to 
sequestered posterior basilar segment of left 
lower lobe from aorta (black arrow). 

B, Levophase of angiogram shows mixed ve- 
nous drainage to left lower lobe pulmonary vein 
(arrow) emptying into left atrium (LA) and azygos 
vein (arrowheads), which empties into superior 
vena Cava. 

(Reprinted with permission from Tonkin [20].) 
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Fig. 4.—Classic scimitar syndrome in asymptomatic 24-year-old woman. 
A, Routine preoperative chest radiograph shows hypoplasia of right lung and dextroposition of heart and anomalous pulmonary vein, or $ 


(arrows). 


B, Venous phase of pulmonary arteriogram shows anomalous vein (arrow) draining into inferior vena cava. 
left atrium (LA) with filling of ventricle (LV) and aorta (Ao). Arterial phase of pulmonary arteriogram (not sh 


artery. Left pulmonary artery was normally developed. 


C 


cimitar sign 


Left pulmonary vein is shown emptying into 
own) showed hypoplastic right pulmonary 


C, Thoracic aortogram with subtraction technique shows very small supplying artery (arrow) from upper abdominal aorta to right lower lobe. 
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from the aorta. The basilar segments of the left lower lobe 
are more frequently involved with no radiographic abnormality 
of the pulmonary parenchyma. These patients may be totally 
asymptomatic. Eventually, however, left ventricular enlarge- 
ment and congestive heart failure caused by the left-to-left 
shunt may develop. The combination of this type of systemic 
arterial supply to lung with normal bronchial connections but 
with coexistent infection has been referred to as pseudose- 
questration. It is presumed that chronically inflamed lung 
activates neovascularization of the relatively high-pressure 
systemic circulation to lung. The radiographic findings may 
be identical to those of classic pulmonary sequestration (Fig. 
5) [28]. However, in some cases the distinction between true 
pulmonary sequestration and pseudosequestration is made 
only after disappearance of aberrant vessels and alleviation 
of symptoms after antibiotic therapy. 

In primitive types of pulmonary sequestration there may be 
communication with the gastrointestinal tract. In such cases 
a tubular structure lined by columnar or squamous epithelium 
and containing intramural cartilage connects the esophagus 
or stomach to anomalous pulmonary tissue supplied by a 
systemic artery. These have been referred to as esophageal 
lung or gastric lung [16]. 


Complications Associated with Sequestration and Its 
Variants 


Infection is the most common complication of oulmonary 
sequestration. It is more commonly seen with ILS [17]. 

Because of the shunting that may occur, congestive heart 
failure is a rare but well-documented complication of seques- 
tration and its variants [29]. In fact, it may occur in any patient 
with a systemic arterial connection to lung. Sequestration and 
its variants should be included in the differential diagnosis of 
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any infant or child with congestive heart failure and suspected 
pneumonia or atelectasis. Additional reported complications 
of pulmonary sequestration and its variants include lobar 
emphysema [30], hemoptysis, hemothorax [31], and pleural 
effusion. Massive fatal pleural effusion has been reported with 
ELS [82]. 


Imaging Studies 


Diagnosis should be directed toward identification of each 
of the six components of the sequestration spectrum: (1) 
sequestered or dysplastic lung mass; (2) aberrant arterial 
supply; (3) anomalous venous drainage; (4) communications 
with the bronchus or gastrointestinal tract; (5) gross lung 
anomalies, such as horseshoe lungs or hypoplasia; and (6) 
defects of the diaphragm. Any combination of these orimary 
lesions can occur in an individual patient. The particular 
mixture of findings may not conform exactly to the strict 
definition of the more common sequestration forms: hence, 
precise categorization may not be possible. 


Chest Radiographs 


Plain radiographs of the chest often show abnormal lung 
or vascular shadows that suggest the diagnosis (Fig. 6A). The 
usual presentation is a single homogeneous Opacity, as dem- 
onstrated in Figure 1, or, less often, a cystic mass in the base 
of one lung, as shown in Figure 7 [16]. Less specific findings 
include recurrent pneumonias and focal bronchiectatic 
changes. By far the majority of sequestrations are located in 
the lower lobes. In fact, any persistent abnormality in the 
posteromedial basal segment of a lower lobe in a child or 
young adult should suggest the diagnosis. ELS, in articular, 





Fig. 5.—3¥2-year-old boy with atrioventricular canal defect and systemic arterial supply to infected lung (pseudosequestration). 
A, Posteroanterior chest radiograph shows alveolar opacities in right lower lobe and upper lobes, compatible with bronchial pneumonia or asthmatic 


bronchitis. 


B, Late phase of left ventriculogram in four-chamber view shows large supplying artery (arrow) from abdominal aorta to right lower lobe with pulmonary 


venous drainage to right lower pulmonary veins (not shown). 


C, Follow-up chest radiograph 3 years later shows no alveolar disease. Cineangiocardiogram obtained at the same time (not shown) no longer showed 
supplying artery to right lower lobe. Total cardiac repair was performed without removal of pseudosequestration involving right lower lobe. The patient is 


currently asymptomatic. 
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Fig. 6.—Intralobar sequestration in 30-year-old woman with pneumonia. 
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A, Posteroanterior chest radiograph at time of automobile accident, 10 years before pneumonia symptoms, shows vascular shadow in left lower lung 


(arrow). This was not recognized at the time. 


B, Several years later after persistent pneumonia. CT scan shows multicystic mass in left lung base (white arrows) and supplying artery (black arrow) 


from aorta. 


C, Axial MR image shows supplying artery (solid arrow) as well as abnormal lung in posterior basilar segments (open arrows). 
D, Coronal MR image shows abnormal left lower lobe lesion (open arrow) with draining vein (solid arrow) to left atrium (LA). 
E, Aortogram shows supplying artery (arrow) seen on chest radiograph, CT scan, and MR image. Intralobar sequestration was confirmed by surgical 


pathology. 


is commonly identified incidentally on routine chest radio- 
graphs in asymptomatic patients [17]. 


Bronchography 


Bronchograms, rarely used today, are unnecessary be- 
cause the combination of other findings is sufficient for making 
the diagnosis. However, if contrast material is used, it should 
be introduced selectively into the bronchus. Classically there 
is no bronchial supply to the aberrant sequestered lung, with 
normal bronchi draped around but not communicating with 
the involved segment of lung. Rarely, contrast material may 
leak into the sequestration [34]. 


Arteriography 


Traditionally, the diagnosis of pulmonary sequestration has 
been made definitively with arteriography. The classic findings 
are the anomalous systemic arterial supply and anomalous 
venous drainage shown by aortography (Figs. 1B and 1C). In 
neonates, arteriography may be performed with the use of an 
umbilical artery catheter placed by the neonatologist. 

The pulmonary arteriogram may be useful in confirming the 
absence of pulmonary arterial supply to an area of lung [35]. 
Patients with pseudosequestration show similar findings with 
aortography and selective injections. However, in pseudose- 
questration the arterial supply is more commonly multiple and 
the arteries are not clearly anomalous [28]. 

Digital subtraction angiography has been an excellent im- 
aging technique for evaluating patients with pulmonary se- 
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Fig. 7.—2-year-old boy with bronchogenic cyst arising in an intralobar sequestration. 
A, Posteroanterior chest radiograph shows thin-walled air-filled cyst (arrows) in right mid lung 


compatible with simple cyst or bronchogenic cyst. 


B, Thoracic aortogram shows two unusual vessels (arrows) in wall of cyst extending from upper 
descending thoracic aorta and intercostal arteries. Surgical pathology confirmed an unusual type of 


bronchogenic cyst arising in intralobar sequestration. 
(Reprinted with permission from Fitch et al. [33].) 


questration. The supplying artery is well imaged, and the 
venous anatomy is shown even better with digital subtraction 
angiographic techniques (Figs. 3B and 8) [20, 36]. 


Barium Studies 


Barium studies usually are required to show communication 
with the esophagus or stomach. Figure 9 is an example of 
bilateral esophageal lung in which right and left lower lobe 
sequestrations communicate with the esophagus. The barium 
esophagogram is also useful in detecting associated anoma- 
lies such as vascular rings [37]. 


CT 


CT can show both abnormal lung parenchyma and the 
aberrant vessels supplying a sequestration (Figs. 2C and 6B) 
[38]. Calcification, an uncommon but well-documented finding 
in sequestrations, is more readily appreciated with CT [39]. 


MR Imaging 


MR imaging is ideally suited for the diagnosis of pulmonary 
sequestration and its variants because of excellent demon- 
stration of vessels and pulmonary parenchymal abnormalities 
in multiple imaging planes. It may alleviate the need for 
angiography. In fact, MR may identify vessels not recognized 
by arteriography [40]. Several cases of MR diagnosis of 
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Fig. 8.—Intralobar sequestration in 212- 
year-old girl with wheezing. Postercanterior 
chest radiograph (not shown) showed hyper- 
inflation and alveolar opacity in lateral basilar 
segment of right lower lobe. Intraarterial digital 
subtraction angiogram shows large supplying 
artery from abdominal aorta, just above celiac 
axis (arrows). There is a hypervascular mass 
involving right lower lobe with venous crainage 
(arrowheads) to left atrium (LA). Intralobar se- 
questration was confirmed by surge’y. (Re- 
printed with permission from Tonkin [20].) 

pulmonary sequestration have been reported [41-4¢]. We 
are reporting two additional patients in whom ILS was shown 


by MR (Figs. 6 and 9). 


Sonography 


Pulmonary sequestration has been demonstrated by so- 
nography both in utero [44] and in infants [45]. Lesions 
adjacent to the diaphragm or liver are best imaged with 
sonography. The diagnosis should be suspected in any fetus 
with a lung mass, particularly if hydramnios is present. The 
mass usually is homogeneously echogenic but may have a 
cystic or complex character. This appearance is not specific 
for pulmonary sequestration but should arouse suspicion for 
a number of possibilities in the pulmonary sequestration spec- 
trum. The aberrant arterial and venous drainage mey be 
shown with sonography [46]. Duplex Doppler may be useful 
in showing the aberrant arterial supply [47]. Color Doppler 
flow imaging shows promise as a noninvasive tool for identi- 
fying arterial supply and venous drainage in both infants and 
fetuses. In addition, sonographically directed fine-needle bi- 
opsy may be useful in making a definitive diagnosis of ELS. 
The retrieval of respiratory epithelium in an extrapulmonary 
site confirms the diagnosis [48]. 


Treatment 


Surgery usually has been necessary for treatment of pul- 
monary sequestration, as infection almost universally occurs 
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if the abnormal lung is not removed [17]. It is imperative that 
the arterial supply and venous drainage of the sequestered 
segment be identified preoperatively to prevent massive intra- 
operative hemorrhage due to transection of unidentified ves- 
sels. 

Preoperative medical treatment may result in regression of 
some systemic pulmonary anastomoses, particularly if ac- 
quired through infection. Embolization of the anomalous ves- 
sels with angiographic techniques may be helpful in reducing 
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Fig. 9.—Neonate with congestive heart failure 
with bilateral lower lobe sequestrations com- 
municating with esophagus (esophageal lung). 

A, Esophagogram shows communication (ar- 
rows) between esophagus (E) and bronchi in left 
lower lobe via barium-filled cavity (asterisk). A 
sequestration was resected. ST = stomach. 

B, Several months later, patient was in 
congestive heart failure. Posteroanterior chest 
radiograph (not shown) showed evidence of 
right thoracotomy for repair of tracheoesopha- 
geal fistula and clips in left lower lobe from left 
thoracotomy for removal of left lower lobe se- 
questration. There was a right-sided opacity 
along right heart border and signs of congestive 
heart failure. Second esophagogram shows 
communication (arrow) between esophagus and 
right lower lobe bronchi. There is also barium 
within stomach. 

C, Aortogram with selective injection into sup- 
plying artery from aorta opacifies right lower lobe 
vascular mass. Venous drainage is to pulmonary 
veins (arrows) and into left atrium (LA). 

D, Coronal MR image shows supplying artery 
(arrow) from abdominal aorta to sequestered 
right lower lobe. This is an unusual case of 
bilateral pulmonary sequestrations communicat- 
ing with esophagus or bilateral esophageal lung. 

(Courtesy of D. Mulvihill and A. Robinson, New 
Orleans, LA.) 


Fig. 10.—Neonate with congestive heart fail- 
ure and systemic vessel to right lower lobe. 
Vessel was successfully embolized and heart 
failure resolved. Surgery has not been per- 
formed. 

A, Cineaortogram via umbilical artery catheter 
shows large supplying artery from upper abdom- 
inal aorta (arrows). 

B, Supplying artery was successfully embo- 
lized with multiple coils (arrow). 


operative blood loss. Also, embolization may be the definitive 
treatment for systemic supply to lung to prevent shunting and 
its subsequent complications (Fig. 10). 


Conclusions 


The pulmonary sequestration spectrum represents a het- 
erogeneous and complex group of abnormalities involving 


PULMONARY SEQUESTRATION 249 


anomalous connections of pulmonary parenchyma, pulmo- 
nary and systemic vasculature, and, rarely, the gastrointes- 
tinal tract. In the individual patient, emphasis should be given 
to identifying the particular components of the spectrum 
rather than to categorizing the abnormalities. This approach 
is essential for proper diagnosis and appropriate therapy of 
the numerous abnormalities that may be present. 

In the workup of sequestration we recommend plain chest 
radiographs followed by barium esophagography and MR 
imaging. Arteriography is recommended if MR is inconclusive. 
CT, sonography, and bronchography have a lesser role in 
diagnosis but may provide additional useful information. 
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Mediastinal Lymph Node 
Enlargement on CT Scans in 
Patients with Usual Interstitial 
Pneumonitis 





Usual interstitial pneumonitis (UIP) is a chronic pulmonary process with a characteristic 
peripheral fibrotic pattern on gross pathologic lung sections and CT scans. This condition 
is often idiopathic, but asbestosis, rheumatoid arthritis, and scleroderma may cause the 
same peripheral fibrosis in the lungs. UIP is associated with an increased incidence of 
pulmonary neoplasms. The purpose of this study was to evaluate the size of mediastinal 
lymph nodes in patients with UIP in whom no evidence was seen of malignancy or 
current active infection. CT scans of 14 patients (12 with idiopathic pulmonary fibrosis 
and two with collagen vascular disorders) were assessed for lymph node location 
(American Thoracic Society mediastinal map) and size. In 13 of 14 patients, nodes 
measured greater than threshold size values. Nodes as large as 20 x 30 mm were 
identified in three patients. Nodal sites 10R, 4R, 2R, 5, and 6 were most commonly 
abnormal. 

We conclude that increase in the size of mediastinal lymph nodes as shown on chest 
CT scans is common in patients with UIP, occurs without superimposed infectious or 
malignant complications, and is thus presumably part of the chronic inflammatory 
process. Consequently, lymphadenopathy in these patients does not suggest that they 
have lung cancer also. 
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Usual interstitial pneumonitis (UIP) is a chronic inflammatory process that is 
associated with pulmonary fibrosis. Diseases associated with the abnormality 
include idiopathic pulmonary fibrosis, collagen vascular disorders, and asbestosis. 
Microscopic sections of lungs from patients with these diseases show replacement 
of peripheral alveoli by dense fibrous tissue that frequently contains cystic spaces 
[1]. Gross lung sections show the peripheral 2-3 cm of lung parenchyma to be 
most abnormal. Central portions of the lungs are less involved or normal. 

The CT pattern of peripheral parenchymal abnormality in UIP has been described 
[2-5], but we are unaware of reports of the size of the mediastinal lymph nodes in 
this disease. As there is an increased incidence of lung cancer in this population of 
patients [6], it is important to know if enlarged lymph nodes occur as part of the 
UIP process and are not necessarily evidence of malignancy. Consequently, we 
evaluated mediastinal lymph node size on chest CT scans of patients who did not 
have a known malignant tumor or concurrent infection. 


Materials and Methods 


We performed a retrospective Study involving 14 patients (five men and nine women 
ranging in age from 39 to 79 years) who had chest CT studies as part of the evaluation for 
clinically significant chronic lung disease and not because of recent symptomatic deterioration. 
Twelve patients had idiopathic pulmonary fibrosis and two had underlying collagen vascular 
disorders (scleroderma in one and mixed connective tissue disease in the other). The 
diagnoses were confirmed histologically in 12 patients (nine oper-lung biopsies and three 
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transbronchial biopsies). In one patient, the diagnosis of mixed con- 
nective tissue disease was based on clinical assessment, and in 
another, idiopathic pulmonary fibrosis was diagnosed on the basis of 
slowly progressive pulmonary restriction and a peripheral pattern of 
abnormal lung parenchyma on CT. No clinical, radiologic, or histologic 
evidence of other causes of pulmonary fibrosis was noted in these 
patients. CT images of the lung parenchyma in all patients showed 
the peripheral pattern of fibrosis and cystic spaces characteristic of 
UIP (Fig. 1). The lung CT scans in some of these patients were 
evaluated in an earlier study [5]. Although repeated CT scans were 
not done, clinical and radiographic follow-up was available in 10 of 
the 14 patients and showed no evidence of neoplasm or significant 
infection during an average 18-month interval after the CT scans. 

CT studies were performed on a 9800 CT scanner (General Electric 
Medical Systems, Milwaukee, WI). Ten-millimeter contiguous slices 
were obtained from apex to diaphragm during breath-holding. No IV 
contrast material was used. Each chest CT scan was evaluated 
independently by two radiologists. The location of each lymph node 
was Categorized according to the American Thoracic Society (ATS) 
mediastinal map (Fig. 2) [7, 8]. The short and long axes of each 
visualized lymph node were measured. These data were then com- 
pared, and discrepancies were resolved by consensus. 

Variation in the size of normal nodes in different areas of the 
mediastinum has been recognized [9]. We used threshold criteria for 
lymph node size that have been developed as a basis for separating 
normal from abnormal nodes for each ATS location [10]. Other 
features such as mediastinal or hilar calcification also were noted. As 
no IV contrast material was used, the hila were not evaluated for 
enlarged lymph nodes. In one patient, mediastinal nodes were sam- 
pled by biopsy at mediastinoscopy. 


Results 


The number of patients in whom the short axes of one or 
more mediastinal nodes were longer than threshold values at 
each ATS site is recorded in Table 1. Nodes that were 
abnormal by size criteria were identified at one or more ATS 
sites in 13 of the 14 patients studied. 

The ATS sites that most frequently contained nodes of 
abnormal size were: 10 R (right tracheobronchial nodes), 4 R 
(right lower paratracheal nodes), 2 R (right upper paratracheal 


r 
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Fig. 1.—CT image shows peripheral pattern of fibrosis and cystic spaces 
characteristic of usual interstitial pneumonitis. 
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Fig. 2.—American Thoracic Society map of regional pulmonary nodes. 
(Reprinted from Tisi et al. [7], with permission.) 


nodes), 5 (aortopulmonary nodes), and 6 (anterior mediastinal 
nodes). Size thresholds used for nodal enlargement at these 
sites were 10, 10, 7, 9, and 8 mm, respectively. In five 
patients, the short axes of lymph nodes were longer than 13 
mm; nodes were measured at 20 x 30 mm in three patients 
(one at 10R and two at 7), 18 x 19 mm in one patient (10R), 
and 22 x 18 mm in another patient (10R) (Fig. 3). In a total of 
seven sites in six patients, two or more nodes had short axes 
longer than threshold values. Calcification was identified in 
hilar or mediastinal nodes of three patients. 

Histologic sections from mediastinoscopic lymph node bi- 
opsy of enlarged nodes in one patient were interpreted as 
normal. 


Discussion 


The radiographic emphasis in UIP has focused on the 
abnormal appearance of lung parenchyma. The chest radio- 
graph classically shows bibasilar interstitial, air-space, or hon- 
eycomb patterns. CT images accentuate the peripheral dis- 
tribution of these abnormalities, reflecting the peripheral fibro- 
sis and cystic spaces identified on gross pathologic sections 
in UIP [1]. 

Lymph node size in UIP has received less attention in both 
the pathology and radiology literature. Evaluation of enlarged 
mediastinal or hilar nodes by chest radiography is compro- 
mised by the typical subpleural distribution of parenchymal 
opacities in UIP, which frequently involves lung adjacent to 
the mediastinum, thus obscuring the parenchymal/medias- 
tinal and parenchymal/hilar interfaces essential to the radio- 
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TABLE 1: American Thoracic Society (ATS) Locations of Abnormally Enlarged Nodes for All 


Patients 


TT LL 


ATS Location 


(threshold size for shorter axis in mm) 














Patient No. b 
2R 2L 4R 4L 5 6 7 8 10R 10L 14 
D (7) (10) (10) (9) (8) (11) (10) (10) (7) * 
1 X X 
2 X 
3 
4 X X X X 
5 X X X X 
6 X X X 
7 X X X 
8 X X 
9 X X X X 
10 X X X 
11 X X X X 
12 X X X 
13 X X X X X X 
14 X X X X X X 
Total (greater than threshold) 6 2 8 2 6 5 4 2 8 3 0 
Note.—* = Threshold not established, X = one or more nodes with short axis longer than threshold values. 





Fig. 3.—CT image at level of carina shows enlarged lymph nodes at 
American Thoracic Society locations 10R, 10L, and 5. 


graphic evaluation of mediastinal and hilar node enlargement. 
Cross-sectional CT imaging and the ability to alter the gray 
scale allows distinction between soft-tissue abnormality within 
the mediastinum and adjacent abnormal lung parenchyma. 
Although increase in size and number of lymph nodes is 
recognized in other chronic fibrotic lung diseases, such as 
Sarcoidosis and silicosis, to our knowledge, enlargement of 
mediastinal nodes has not been discussed in UIP. On CT 
scans of our small group of patients, we found one or more 
mediastinal nodes that were enlarged by established criteria 
in all but one patient with UIP. It is worth noting that nodes 
measuring up to 20 x 30 mm were identified in this group of 
patients, who had no evidence of superimposed complications 
such as active infection or malignancy. Clinical and radio- 
graphic follow-up in 10 of the 14 patients in our Study con- 


firmed the absence of superimposed malignant or infectious 
complications during an average 18-month interval after CT 
scans were done. It must be emphasized that the patients in 
this study had CT scans because of Clinically significant 
chronic pulmonary disease. Thus, although the frequent oc- 
currence of enlarged mediastinal nodes appears to be a 
feature of advanced UIP, the prevalence of lymphadenopathy 
in all cases of UIP, including early stages, is not known. 

Patients with UIP are at increased risk for development of 
malignant neoplasms, and therefore, detection of enlarged 
nodes on chest CT scans may cause concern [6]. Our study 
shows that enlarged mediastinal nodes commonly cccur in 
advanced cases of UIP. Therefore, lymph node enlargement 
identified on CT images should not necessarily indicate the 
presence of an associated malignant neoplasm. Establishing 
the chronicity of lymph node enlargement by comparison with 
previous CT studies, when available, could provide a nonin- 
vasive reassurance of lymph node benignity. Given the chronic 
inflammatory nature of UIP, associated lymph node enlarge- 
ment is not surprising. We presume these nodes are enlarged 
because of chronic inflammation; however, the histologic 
sections were normal from the one patient in our series in 
whom mediastinoscopy was performed to evaluate the large 
nodes identified on CT images. 

We did not evaluate hilar nodes because the CT examina- 
tions were done without IV contrast material. We thought that 
the lack of IV contrast material, together with the possibility 
of pulmonary artery enlargement due to pulmonary arterial 
hypertension complicating UIP, made evaluation of hilar node 
size inaccurate. 

We conclude that increase in the size of mediastinal nodes 
as shown on chest CT scans is common in patients with 
advanced UIP, occurs without clinical evidence of superim- 
posed infectious complications or malignant neoplasms, and 
is thus presumably part of the UIP process. 
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CT Demonstration of Calcification 
in Carcinoma of the Lung 





Radiologic visualization of calcification within lung cancer is uncommon and may 
cause confusion and misdiagnosis. For this reason, we reviewed CT records of 353 
patients undergoing initial evaluation of lung cancer for the presence of calcification 
within the tumor, both to document this finding and to estimate its prevalence. Twenty 
patients (6%) whose records indicated that CT showed calcification were identified, and 
their chest radiographs and CT scans were analyzed. Patients were included in the 
study if calcium was seen within the tumor on noncontrast pretreatment CT scans and 
if pathologic data were available. There were 15 lung and five mediastinal tumors. 
Fourteen were 5 cm or greater in diameter; three were between 3 and 5 cm, and three 
were 2 cm or smaller. Cell types of the tumors included small-cell carcinoma (eight 
patients), squamous cell carcinoma (seven patients), adenocarcinoma (four patients), 
and undifferentiated carcinoma (one patient). Patterns of calcification were amorphous 
(eight patients), punctate (10 patients), and reticular (two patients). Extent of tumor 
calcification and distribution (central, peripheral, or diffuse) did not correlate with cell 
type or size of the lesion. 

The visualization of calcium on chest radiographs and CT scans does not alone 
exclude the diagnosis of bronchogenic carcinoma. 
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The presence of calcium within pulmonary lesions on radiologic examinations is 
an important factor in assessing the significance of the lesions [1-7]. For example, 
dense central, laminar, popcorn, or diffuse calcification establish the benign nature 
of pulmonary nodules [3-6]. However, calcification can occur in bronchogenic 
carcinoma, either through engulfment of a benign calcification or by an intrinsic 
mechanism, so its radiologic detection may cause confusion. There are only a few 
reports in the literature concerning the nature of calcification in bronchogenic 
carcinoma, and most are based on single cases [8-14]. 

We reviewed our experience with 20 patients in whom calcification in carcinoma 
of the lung was identified on CT scans. Pathologic specimens of the tumor or its 
metastases were studied in each case. We analyzed the pattern of calcification, its 
distribution, and its extent within the tumors. 


Materials and Methods 


Twenty-seven patients with calcification within lung carcinomas shown on CT scans were 
identified from a review of CT records at University Hospital (University of Cincinnati) and the 
VA Medical Center of Cincinnati from 1984 to 1988. At University Hospital, al chest CT 
reports are entered in a computer data base; studies with evidence of lung cancer prospec- 
tively coded for “calcified lung cancer” were retrieved for review. At the VA Medical center, 
abbreviated reports of all chest CT scans performed within the time period were reviewed for 
mention of calcium within lung cancer. Two cases were excluded from the study because 
pathologic specimens were not available for review. Three were eliminated because the CT 
scans were made after treatment, and two others were excluded because CT scans were 
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performed with IV contrast enhancement. The remaining 20 cases 
are the subject of this study. Chest radiographs performed within 2 
weeks of the CT scans were available in 19 cases. In one case, the 
chest radiograph available was performed within 2 months of the CT 
scan. 

All patients were scanned by using General Electric 9800 (General 
Electric, Milwaukee, WI) and Picker 1200 (Picker, Highland Heights, 
OH) scanners. Ten-millimeter contiguous axial images were obtained, 
and in two cases, additional 1.5-mm images were available. The chest 
radiographs and CT scans were analyzed by three observers for 
visibility of calcium within the tumor and the amount, distribution, and 
pattern of the calcification. The presence of calcium was confirmed 
by visual inspection of mediastinal windows (window width, 400; 
level, +10). Hounsfield units were not recorded. 

The extent of tumor calcification seen on CT scans was graded as 
follows: trace (isolated flecks), 1+ (involving up to one third of the 
tumor), 2+ (involving up to two thirds of the tumor), and 3+ (involving 
greater than two thirds of the tumor). Granulomatous calcification 
elsewhere in the chest was graded trace, mild, moderate, or marked. 

Medical records were reviewed in all cases for possible causes of 
metastatic calcification such as hypercalcemia. 

Pathologic material was reviewed to confirm the diagnosis of lung 
cancer and the presence of calcium. Von Kossa stain was used to 
show the presence of calcium in questionable cases. Seventeen 
pathologic specimens were from the primary tumor and included 
bronchoscopy specimens (10 patients), fine needle aspirates (six 
patients), and a sputum cytology specimen (one patient). Three 
patients had material obtained from metastases (aspirates of a sca- 
lene node and liver and excision of a periumbilical node). 


Results 


Chest CT scans were obtained in 353 patients during a 4- 
year period for the initial evaluation of suspected or known 
bronchogenic carcinoma. The scans showed calcium within 
the tumor on 1-cm sections in 18 cases and on 1.5-mm 
sections in two cases. The calcium was visible on plain films 
in only three cases (Fig. 1). 

There were 15 lung and five mediastinal lesions. Fourteen 
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were greater than 5 cm in diameter; three were between 3 
and 5 cm, and three were 2 cm or smaller. 

The cell types of the tumors included small-cell carcinoma 
(eight), squamous cell carcinoma (seven), adenocarcinoma 
(four), and undifferentiated carcinoma (one). The pattern of 
calcification was amorphous (Fig. 2) in eight patients, punctate 
(Figs. 3-5) in 10, and reticular (Fig. 6) in two. Five of eight 
tumors with amorphous calcification were small-cell carcino- 
mas, and five of 10 tumors with punctate calcification were 
squamous cell carcinomas. The cell types in two cases with 
a reticular pattern were small-cell carcinoma and squamous 
cell carcinoma. 

Six patients had trace calcifications, nine patients had 1+ 
calcification, four patients had 2+ calcification, and one pa- 
tient had 3+ calcification. Extent of calcification did not cor- 
relate with cell type or size of the tumor. 

The distribution of calcium within the tumor was diffuse in 
eight, peripheral in seven, and central in five. There was no 
correlation between the distribution and the cell type. 

The extent of tumor calcification did not correlate with the 
extent of granulomatous calcification present elsewhere in 
the chest. 

Pathologic studies showed calcification within the tumors 
in 10 cases. No calcification was seen in the other 10, 
including the three specimens from metastases. The small 
size of the pathologic specimens precluded correlation of CT 
analyses with pathologic data. 

Only one patient had hypercalcemia at the time of the CT 
scan. One patient had chronic renal failure but no history of 
elevated level of calcium-phosphate product. 


Discussion 


Calcification within cancers of the lung occurs by three 
mechanisms: (1) calcified scar tissue or granulomatous dis- 
ease engulfed by tumor, (2) dystrophic calcification within 





Fig. 3.—72-year-old woman with small-cell car- 
cinoma involving right hilum and right lower lobe 
(arrows). CT scan shows punctate pattern of cal- 
cification (arrowhead). 


Fig. 2.—49-year-old man with small-cell car- 
cinoma involving right hilar and subcarinal areas 
(solid arrows). CT scan shows amorphous pat- 
tern of tumor calcification (arrowhead) and 
densely calcified granuloma (open arrow). 


Fig. 1.—62-year-old woman with squamous cell 
carcinoma of left lower lobe. Chest radiograph 
shows punctate calcifications (arrowheads). 
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Fig. 4.—58-year-old woman with adenocarci- Fig. 5.—50-year-old man with nodule (open ar- Fig. 6. 51-year-old woman with smal -cell car- 
noma of left upper lobe. CT scan shows punctate row) in left lower lobe. CT scan (1.5-mm-thick) cinoma of left upper lobe invading chest wall (solid 
calcification (solid arrow). Granulomatous (open shows possible punctate calcifications throughout arrows). CT scan shows reticular patterr of calci- 
arrow) and vascular calcifications are present in lesion. Needle aspiration was performed because fication. A prevascular lymph node is present 
mediastinum. of uncertainty of diagnosis; specimen contained (open arrow). 

adenocarcinoma with irregular clumps of calcifi- 


cation. 


areas of tumor necrosis, and (3) calcium deposition within the 
tumor as a result of the secretory function of the carcinoma 
itself (e.g., mucinous adenocarcinoma) [6, 10]. We speculate 
that the reticular pattern of tumor calcification seen in our 
patients may reflect ossification within the lesion, as has been 
reported in carcinoid tumors [15]. Metastatic calcification from 
an elevated level of calcium-phosphate product also may 
contribute. 

Radiographic identification of calcium within bronchogenic 
carcinoma is uncommon. Theros [16] reported a 1% preva- 
lence of calcification on chest radiographs within lung cancer 
of any size. Zerhouni et al. [4] found a 7% prevalence in 
malignant nodules with a diameter of 6 cm or less by using 
thin-section CT scans in a multiinstitutional study. O’Keefe et 
al. [6] found that 16% of resected primary lung cancers 
presenting as a solitary mass showed calcification on radio- 
graphs of specimens. In our series of patients in whom CT 
scans were performed for the evaluation of known or sus- 
pected bronchogenic carcinoma, calcium was demonstrable 
in 20 (6%). Although the overall prevalence of calcium found 
pathologically in bronchogenic carcinoma has not, to our 
knowledge, been reported, Unterman and Reingold [17] have 
described a 16% prevalence of psammomatous calcification 
within adenocarcinoma of the lung studied at autopsy. 

In our series, calcium was considered present in the tumors 
if on CT scans there was high-density material in the lesion 
unexplainable by artifact. We tried to confirm the presence of 
calcium on pathologic sections, but could do so in only 10 
cases. We postulate that sampling error due to small size of 
the specimens led to this result because only cytclogy spec- 
imens were available in the 17 cases in which the primary 
tumor was sampled. 

Small-cell and squamous cell carcinomas were the major 
cell types in our series. Although the number of cases is too 
small for statistical analysis, these lesions tended to have 
amorphous and punctate patterns of tumor calcification, re- 


spectively. We are uncertain of the mechanism by which each 
tumor underwent calcification. Some may have engulfed cal- 
cified granulomas, but in others, the extent and pattern of the 
calcification make this seem unlikely (Fig. 6). Also, the lack of 
correlation between the amount of granulomatous calcifica- 
tion elsewhere in the chest and the extent of tumor calcifica- 
tion suggests a nongranulomatous mechanism. 

Fourteen of 20 tumors were large (diameter >5.0 cn) and 
their morphology allowed accurate prediction of their malig- 
nancy despite the presence of calcium. Of the six thet were 
smaller than 5.0-cm diameter, two had metastasized ēt pres- 
entation. One was a hilar mass with endobronchial odstruc- 
tion. One was a 3.5-cm lobulated lesion with central punctate 
calcification occupying more than 10% of the cross-sectional 
area (Fig. 1), but which had doubled in size in 7 months. One 
was a 2.0-cm nodule with a small punctate calcification (Fig. 
4). One was a 1.5-cm peripheral nodule with faint punctate 
calcifications (Fig. 5). 

The appearance of the calcifications found in most of the 
cancers in our series differs sufficiently from the classic benign 
patterns for distinction between the two to be possibk. Five 
of six small lesions had metastases or morphologic charac- 
teristics inconsistent with benign disease. We conclude that 
the visualization of calcium on chest radiographs and CT 
scans within pulmonary lesions does not alone exclude the 
diagnosis of bronchogenic carcinoma. 
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Case Report 





Cystic Teratoma of the Mediastinum: Demonstration 
of Fat/Fluid Level 


Ann S. Fulcher,’ Anthony V. Proto, and Howard Jolles 


Cystic teratomas of the mediastinum are tumors that con- 
tain ectodermal, mesodermal, and endodermal derivatives 
[1]. Although they usually appear on chest radiographs as 
round or oval anterior mediastinal masses that cannot be 
differentiated from other masses in this location, the presence 
of bone or teeth within the lesions provides a clue. Another 
characteristic finding is a fat/fluid level within the mass [2]. 
We report a case in which the fat/fluid level was shown not 
only by conventional radiography but also by CT. 


Case Report 


A 34-year-ald man presented with a chronic cough and for treat- 
ment of an upper respiratory tract infection. He had a 2- to 3-month 
history of several episodes of severe right parasternal chest pain 
occurring in am area where he had been stabbed 6 years earlier. An 
anterior mediastinal mass had not been detected on a chest radio- 
graph made 14 months earlier. Posteroanterior and lateral chest 
radiographs on admission showed minimal interval growth of the 
mass. The lateral view showed a horizontal interface within the mass 
consistent with a fat/fluid level (Figs. 1A and 1B). A chest CT scan 
showed an anterior mediastinal mass with a fat/fluid level (Fig. 1C). 
At the midportion of the level was a rounded masslike structure, the 
density of which measured between those of fat and fluid. 

At surgery, the mass was completely removed. Examination of the 
surgical specimen showed that it contained fluid, liquid fat, and a wad 
of hair (Fig. TD). Histologic examination revealed a cystlike cavity 
lined by smooth, flat epithelium. The cyst contained hair intermixed 
with grumous material, presumably the masslike structure of inter- 


mediate density seen on CT. The cut surface of the cyst consisted 
of multiple tissue layers that contained foci of keratinous material. 
Small fragments of thymic tissue were located adjacent to the cyst. 
The pathologic diagnosis was mature cystic teratoma. 


Discussion 


Mediastinal teratomas occur in all age groups, but are most 
frequent in young adults. Benign teratomas have no sex 
predilection. However, malignant teratomas occur more fre- 
quently in males than females [1, 3]. Most mediastinal tera- 
tomas are located anteriorly, with only 3-8% occurring in the 
posterior mediastinum [3]. 

Although patients are usually asymptomatic, large tumors 
may cause chest pain, dyspnea, and cough. Trichoptysis 
(expectoration of hair) may occur if the mass communicates 
with the tracheobronchial tree. Communication with the 
pleural or pericardial space also has been reported [1, 4, 5]. 

Histologically, teratomas contain ectodermal, mesodermal, 
and endodermal elements, whereas dermoids contain only 
epidermal elements [1]. Teratomas are further classified as 
solid or cystic. Most solid tumors are malignant, whereas 
most cystic tumors are benign [1, 3]. 

Conventional radiographic characteristics include a round 
or oval mass located near the origin of the great vessels; 
peripheral calcification, especially in dermoid cysts; and bone 
or teeth. Air rarely is identified within the mass if it communi- 
cates with the tracheobronchial tree [4]. Phemister et al. [2] 





Received July 31, 1989; accepted after revision September 6, 1989. 


' All-authors: Department of Diagnostic Radiology, Medical College of Virginia Hospitals, MCV Station, Box 47, Richmond, VA 23298-0047. Address reprint 


requests to A. S. Fulcher. 


AJR 154:259-260, February 1990 0361-803X/90/1542-0259 © American Roentgen Ray Society 


260 FULCHER ET AL. 
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are credited with describing the fat/fluid level. The authors 
noted a floating radiolucent zone of fat that formed an inter- 
face with a fluid component beneath it. The level shifted with 
a change in the patient's position. The fat/fluid level is said to 
be highly specific for the diagnosis of teratoma [2]. 

Numerous CT criteria have been cited as helpful in making 
the diagnosis of teratoma. As is true of conventional radio- 
graphs, CT usually shows a round mass in the anterior 
mediastinum. However, with CT one can further characterize 
the mass as solid or cystic and detect calcium or fat not 
visualized on conventional radiographs [6, 7]. 

Our case showed a rather specific conventional radio- 
graphic finding of a teratoma, a fat/fluid level. Thus, recogni- 
tion of the fat/fluid level significantly narrows the differential 
diagnosis of an anterior mediastinal mass. 
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Fig. 1.—A, Posteroanterior chest radiograph 
reveals an anterior mediastinal mass (arrow- 
heads). 

B, Lateral chest radiograph shows a fat/fluid 
level (arrowheads) within mass. 

C, CT scan reveals a fat/fluid level (arrow- 
heads) with fat above (—125 H) and fluid below 
(15 H). Note masslike structure (asterisk) at mid- 
portion of level. 

D, Gross specimen shows a cystic mass con- 
taining a wad of hair (asterisk). 
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Technical Note 





A New Device for Evaluation of Biopsy Specimens of 


Occult Breast Lesions 


Karen K. Lindfors,' Susan A. Lott,’ and Mark T. Alberhasky” 


Specimen radiography is essential to confirm excision of 
clinically occult breast lesions discovered and localized by 
mammography [1]. Of equal importance is ensuring that the 
suspicious area within the resected tissue is examined histo- 
logically. 

We describe a specimen evaluation device (The Pathfinder 
System, Denmark Associates, Bowling Green, KY) that allows 
rapid, precise identification and localization of mammographic 
lesions within the biopsy specimen. This device is useful both 
in confirming successful resection of the lesion and in directing 
histologic examination of nonpalpable lesions suggestive of 
malignancy; it has been used successfully in over 80 cases. 


Materials and Methods 


The device used for radiographic and gross pathologic evaluation 
of breast biopsy specimens consists of two 10 x 10 in. (25.4 x 25.4 
cm) layers of radiolucent acrylic, which can be tightened together by 
wing nuts at each corner (Fig. 1). The size of this device allows 
examination of a wide variety of specimen sizes, from the optimal 
smallest volume of tissue containing an abnormality through larger 
specimens inciuding those from mastectomies performed after posi- 
tive findings on needle aspiration biopsies. 

The top layer of the specimen-evaluation device is perforated by a 
grid of small heles. These holes are placed at 2-cm intervals so as to 
correspond to the approximate size of a histologic tissue-processing 
cassette. The positions of holes along the x-axis are designated by 
letters etched into the acrylic; those along the y-axis, by numbers. 
The central location of the characters allows more flexibility in placing 


the specimen within the device. The etched characters in the top 
acrylic plate provide enough radiographic contrast at mammographic 
energies to be visualized on film, yet they do not obscure calcifications 
on which they might be superimposed. The 10-in. (25.4 cm) span of 
the device covers the standard 8 x 10 in. (20.3 x 25.4 cm) film 
cassette and includes reference markings over the entire specimen 
radiograph regardless of orientation. 

After localization and biopsy of a mammographically suspicious 
area, the excised breast tissue is brought to the radiology department 
for specimen radiography. The specimen, in a plastic bag, is placed 
between the two layers of the specimen-evaluation device. The four 
corner wing nuts are tightened so as to immobilize and compress the 
specimen. The loaded device is then placed on top of the X-ray film 
cassette, and the specimen film is exposed (Fig. 2). The mammog- 
rapher verifies the presence of the lesion within the resected tissue, 
and the surgeon is notified. If the lesion is identified on the radiograph, 
the specimen is sent as is, still compressed in the device, to the 
pathology department with the radiograph accompanying the speci- 
men. 

In the pathology department, the 2-cm square area containing the 
abnormality is marked by placing wires through the holes in the upper 
plate that surround the lesion. For lesions located eccentrically within 
the reference square, an intermediate square is delineated, placing 
the lesion in a more central location. The upper plate then is removed, 
allowing the wires to remain in place around the lesion. The specimen 
is moved to a corkboard for sectioning. The tissue containing the 
lesion is excised by cutting directly through the plastic bag around 
the reference wires. Thin specimens may yield a volume of tissue 
that can be processed for histologic examinations in a single cassette 
(Fig. 3). Thicker specimens may have to be subdivided for submission 
in more than one cassette. In either case, lesional tissue can be 
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Fig. 1.—Specimen-evaluation device consists of two lay- 
ers of acrylic with a grid of holes in top layer. Note x and y 
coordinates indicated by letters and numbers. 


designated in specific tissue-processing cassettes and carefully sec- 
tioned at multiple levels for detailed histologic examination. The 
remainder of the specimen can be examined by using traditional 
macroscopic techniques. 

When the specimen-evaluation device is used, conventional mar- 
gins (e.g., anterior, posterior, lateral) are redistributed into superior 
and inferior margin planes surrounded peripherally by a “vertical” 
lateral margin. As most lesions fall within the more central portion of 
the specimen, the peripheral margins are usually clear. After excision 
of the lesion rectangle, the pathologist can ink the superior and 
inferior external margin surfaces. After horizontal subdivision of the 
excised square, the inked surfaces are embedded so that the first 
level of tissue sections represent the surgical margins. This is in 
essence a variation of the technique described by Carter [2]. 


Discussion 


Specimen radiography is an integral part of the localization 
and biopsy process in clinically occult breast lesions. Such 
films confirm the presence of the mammographic abnormality 
within the resected tissue. Although many techniques for 
specimen radiography have been described, most authors 
[3-5] now agree that the specimen should be compressed 
for optimal visualization of both microcalcifications and non- 
calcified lesions. 

The removal of the suspicious area in the breast with 
confirmatory specimen radiography does not, however, en- 
sure that the appropriate area will be sampled adequately by 
the pathologist. In standard filming of specimens, the 
compression is provided by one of the compression paddles 
used for mammography. After the film is taken, the compres- 
sion is released, and the specimen usually is placed in a 
plastic bag for transport to the pathology department. Even 
when a radiograph accompanies the specimen, it may be 
difficult for the pathologist to reconstruct the orientation of 
the specimen as it appears on the film in order to determine 
where the lesion is located. This is especially true when the 


Fig. 2.—Radiograph of tissue from 
needle localization that is compressed in 
specimen-evaluation device shows micro- 
calcifications (arrows) in the “5,F” quad- 
rant. Histologic diagnosis was intraductal 
carcinoma with microfoci of infiltrating duc- 
tal carcinoma. 


Fig. 3.—Tissue sample (T) is laid on a 
specimen radiograph to show how grid 
holes might be used to demarcate borders 
for excision. Once excised, tissue can be 
placed in cassette (C) for processing and 
eventual histologic examination. 


specimen is large and the lesion is a small cluster of micro- 
calcifications. Many solutions to this problem have been de- 
vised, but most require the input of additional time by physi- 
cians, technologists, and the mammographic unit. 

When using the specimen-evaluation device described 
here, only one radiograph is required for lesion localization. 
Thus, the time spent by the technologists and radiologists is 
minimized. This method also virtually eliminates delays for 
patients in departments in which patients must wait for mam- 
mography while specimens are examined. 

As the tissue is still compressed in the specimen-evaluation 
device when it is sent to the pathology department, the 
pathologist can refer to the radiograph to determine the exact 
location of the lesion within the specimen. This device is 
unique in that the pathologist uses the grid holes surrounding 
the lesion as reference markers for excision of a volume of 
tissue that is a 2-cm square in length and breadth. This 2-cm 
square corresponds to the size of a tissue-processing cas- 
sette (Fig. 3). This method provides a margin of safety that 
allows both for minor error in excision of the lesion and for 
examination of adjacent breast tissue. Examination of adja- 
cent tissue is useful because a neoplastic lesion may actually 
be a small distance away from the specific mammographic 
abnormality that directed the biopsy. 

The specifically designated lesional cassettes can be sec- 
tioned at multiple levels by the pathologist, allowing a very 
thorough examination during which even small calcific densi- 
ties can be located, yet allowing a minimum of the specimen 
to be examined [6]. Five to 10 slides are usually sufficient to 
examine the area of the lesion. This is a major improvement 
over past techniques such as submission of the whole spec- 
imen to random sectioning around the localization wire tip. 
Such approaches yield a larger number of tissue blocks, which 
are generally examined at only one histologic level; thus, even 
though greater numbers of slides are examined, a small lesion 
might be missed. In the 133 cases preceding our trial of this 
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specimen-evaluation device at the University of California, 
Davis, Medical Center, two biopsies were performed because 
of suspicious microcalcifications but no calcifications were 
evident in routine random sectioning. In these cases, the 
paraffin blocks had to be radiographed and resectioned in an 
effort to examine the appropriate area. 

If considerable care is not used in selection of tissue to be 
examined microscopically, the histologic findings may be of 
little diagnostic relevance. Calcifications that are not shown 
on specimen films are routinely present in microscopic sec- 
tions. Thus, an incidental microcalcification could be identified 
mistakenly as the lesion of mammographic interest, should 
the pathologist not have adequate correlation of lesion posi- 
tion and histologic sampling. This can result in a false sense 
of security, and the actual mammmographic lesion may re- 
main unexamined. 

Any current discussion of breast biopsy analysis must 
consider examination of surgical margins so that appropriate 
treatment options can be offered to the patient. Use of the 
specimen-evaluation device allows histologic evaluation of the 
surgical margins. The gross impression of margin adequacy 
in conjunction with the histologic pattern of the lesion shown 
(i.e., extensive intraductal carcinoma vs a circumscribed infil- 
trating duct lesion) are additional features of equal importance, 
however, in considering conservative treatment alternatives. 

Another use for the specimen-evaluation device is the 
localization ef a nonpalpable lesion in a mastectomy speci- 
men. The use of radiographically directed needle-aspiration 
biopsy as an alternative to excisional biopsy is gaining popu- 
larity [7]. When carcinoma is diagnosed, a mastectomy may 
be performed as the first surgical procedure. In such cases, 
the entire specimen can be compressed in the specimen- 
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evaluation device, and localization of the occult carcinoma for 
histologic examination is simplified. 

Communication between the radiologist, surgeon, and pa- 
thologist is essential for the best care of the patient with a 
mammographically suggestive, but clinically occult, breast 
lesion. If a needle localization is performed to guide a biopsy, 
a specimen radiograph always should be obtained. A localiza- 
tion with removal of the appropriate area is of no value, 
however, if the pathologist cannot positively identify the sus- 
picious area for histologic evaluation. The specimen-evalua- 
tion device described in this report facilitates efficient and 
accurate mammographic, surgical, and pathologic correlation 
for occult breast lesions. 
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Diagnostic Quality of 
Mammograms Obtained with a 
New Low-Radiation-Dose 
Dual-Screen and Dual-Emulsion 
Film Combination 





We evaluated the image quality of mammograms made by using a new dual-screen, 
dual-emulsion film combination (Kodak Min-R Fast screen, T-Mat MII film) that permits 
reduction of radiation exposure by approximately 50% when compared with a standard 
single-screen, single-emulsion film system (Kodak Min-R screen, OM-1 film). This new 
film has been improved when compared with earlier T-Mat M film, including the intro- 
duction of an inert dye to reduce light crossover to essentially 0%. Mammogram pairs 
made with the dual-emulsion film combination and the standard single-emulsion film 
combination were obtained in 50 patients otherwise undergoing routine mammography. 
The image pairs were randomized and evaluated by three radiologists who used a three- 
point scale (better, same, or worse). Each pair was evaluated with regard to parenchymal 
contrast, sharpness, and latitude, as well as the number and sharpness of calcifications 
(n = 19) and sharpness of masses (n = 12) when present. All three observers found the 
dua!l-emulsion film combination to be better than or the same as the standard with 
regard to parenchymal sharpness (94-100%), the number and sharpness of calcifica- 
tions (98-100%), and sharpness of masses (100%). Two observers found the dual- 
emulsion film combination to be Significantly worse (p < .05) than the stardard with 
respect to parenchymal contrast (72%, 86%), and all three observers rated it significantly 
worse for film latitude (14 to 42%). 

Our results suggest that this new dual-emulsion film combination that allows mam- 
mography to be performed with less radiation exposure can be used without loss of 
image quality. 
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In response to the increasing demand for high-quality mammographic screening 
examinations, new technologies are continually being introduced to improve diag- 
nostic capabilities and to reduce patients’ radiation exposure. Some of these 
advances, such as the use of Stationary and reciprocating grids, which improve the 
mammographic image by reducing scattered radiation, do so at the expense of 
increased mean glandular dose [1]. Likewise, magnification mammography aids in 
the detection and characterization of microcalcifications, but again requires an 
increase in exposure [2]. One way to offset this increased radiation exposure is 
the introduction of faster screen-film combinations; however, a basic requirement 
remains that no significant diagnostic information be lost. 

Several recently published studies have evaluated dual-screen, dua-emulsion 
film technology as one method of reducing patients’ radiation exposure [3-5]. The 
Studies have examined one dual-emulsion film combination (Min-R Fast screen, T- 
Mat M film; Eastman Kodak, Rochester, NY) and compared it with a widely used 
Standard single-screen, single-emulsion film combination (Min-R screen, OM-1 film: 
Eastman Kodak). One Study that used a phantom found the dual-emulsion film 
combination to have prominent quantum mottle and decreased contrast in regions 
of dense parenchyma [3]. That Study [3] and a subsequent one [4] also reported 
a decrease in clarity of microcalcifications with the new film combination. More 
recently, a clinical trial was reported that corroborated these results, finding that 
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the T-Mat M system was consistently inferior and required 
Closer scrutiny to identify microcalcifications [5]. 

We studied the image quality of a new dual-emulsion film 
combination (Min-R Fast screen, T-Mat MII film; Eastman 
Kodak) that reduces patients’ radiation by approximately 50% 
compared with the same standard single-emulsion film com- 
bination. We compared the image quality of mammogram 
pairs made with these two screen-film combinations, in which 
the images were obtained under identical conditions except 
for adjusting the density to compensate for the faster speed 
of the dual-emulsion film combination system so that each 
image pair would have equivalent optical density for viewing. 
The mammogram pairs were then evaluated in order to de- 
termine whether the new dual-emulsion film combination was 
equal to or better than the standard combination in imaging 
of breast parenchyma, including sharpness, contrast, and 
latitude, as well as the sharpness and number of calcifications 
and the sharpness of masses. 


Subjects and Methods 


Mammography was performed on 50 consecutive patients who 
consented to the study. The subjects were unselected and were 
either symptomatic (eight patients) or referred for screening purposes 
(42 patients). The sample size was based on available time and 
resources. Mammograms were obtained with one of two dedicated 
mammographic units (CGR Senographe 500T, Columbia, MD) with a 
0.3-mm nominal focal spot, molybdenum target, beryllium window, 
and a 0.03-mm molybdenum filter. All films were obtained at 28 kVp 
by using a reciprocating grid at a source-film distance of 65 cm. 

Routine mammography was first performed in the craniocaudal 
and mediolateral projections with the Min-R screen, OM-1 film com- 
bination. The last projection was then repeated on one breast only 
with the Min-R Fast screen, T-Mat MII film combination without 
changing the patient's position or the compression of the breast. All 
mammograms were phototimed, only adjusting density of the T-Mat 
Mil image. This required decreasing the density setting from 0 (nor- 
mal) to —4 for the T-Mat MII film, a change that was derived from 
phantom experiments. The milliampere-second readings were re- 
corded adequately in 30 cases; the rest were either unreliable or 
partially omitted by mistake. All films were developed in a Kodak RP 
X-Omat processor, with Picker 3.7.90 chemicals, operating at 95°C 
for 90 sec. 

Each of the 50 mammogram pairs was randomized, with one film 
from each pair labeled “A,” which was the standard for comparison, 
and the other film labeled “B,” which was the film actually rated. Any 
identifying markers were masked, and all images were presented 
with an emulsion side facing the observer. Then the pairs were 
reviewed independently by three radiologists experienced in mam- 
mography. Comparisons were made of parenchymal contrast, sharp- 
ness, and latitude, as well as the number and sharpness of calcifica- 
tions and the sharpness of mass densities when present. Because 
of the random nature of our subject pool, relatively few truly abnormal 
microcalcifications and masses were present, and therefore all calci- 
fications, including obviously benign secretory and vascular calcifi- 
cations and all mass densities (e.g., lymph nodes) were included. 
Comparisons were reported on a three-point scale (+1 = better, 0 = 
same, —1 = worse), except for the number of calcifications, where 
+1 indicated more, 0 indicated same, and —1 indicated less. At the 
same time, the predominant density (either fatty, mixed, or dense) 
was graded to see if the density would have an effect on the 
evaluation of these characteristics. Optical densities also were mea- 
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sured on each mammogram with an X-Rite 301 transmission densi- 
tometer (X-Rite, Grand Rapids, Ml). Optical density routinely was 
measured in a fatty area along the chest wall in each case. 

Each of the randomized mammogram pairs was then standardized 
so that in each case the score reflected the evaluation of the dual- 
emulsion film combination as compared with the standard single- 
emulsion film combination. The scores for each of the 50 pairs were 
analyzed individually for each observer. The data for all 50 subjects 
were included for all analyses, including the calcification and mass 
ratings. We reasoned that even if the subject showed no evidence of 
these conditions, the films detected this equally well and therefore 
they were included in the analyses with ratings of “same.” 

Because of the significant reduction in patients’ exposure to radia- 
tion, the issue was not whether the new dual-emulsion film combi- 
nation was truly better than the standard combination, but whether 
the new combination was at least as good as the old combination. 
That is, the new combination had to be rated “same” or “better,” and 
therefore, these two categories were combined for the analyses. 

Before assessing the difference between the new film combination 
and the standard, we evaluated whether or not the ratings on the 
quality of the two combinations (worse vs same/better) varied with 
the density of the breast (fatty, mixed, or dense). This was determined 
for each characteristic by using the chi-square test unless the ex- 
pected number of observations for a cell was fewer than five, in which 
case the Fisher exact test was used [6]. 

For statistical analysis, we advocated use of the new combination 
if it was at least as good (rated the same or better) as the old 
combination in at least 95% of the cases (our “critical” value). In 
Statistical terms, letting “p” denote the proportions of mammogram 
pairs for which the new combination was judged “same” or “better,” 
the null hypothesis was p = .95 vs the alternative hypothesis that 
p < .95. For each characteristic, this hypothesis was tested at the 
.05 significance level by using a standardized z-test for a single 
proportion. 

Finally, we determined the relative exposure of the two screen-film 
combinations by using the Memorial/Barts phantom, which contains 
excised breast tissue and standardized test objects embedded in 
breast-equivalent plastic [7]. Density settings were varied, first to 
optimize the optical density for viewing the standard film image and 
then to obtain an equivalent optical density for the dual-emulsion film 
image. The milliampere-second readings were recorded for each film 
type. The relative exposures could then be inferred from these 
readings because both mammographic units were shown to be 
operating linearly with respect to exposure (mR) and milliampere- 
second readings within the range from approximately 20 to 200 mAs. 
These exposure measurements were performed at 28 kVp by using 
the large focal spot and a grid, measuring 4.5 cm above the grid 
housing with the Radcal model 10X5-6M ionization chamber for 
mammography and the Radcal model 1015 X-ray monitor (Radcal, 
Monrovia, CA). 


Results 


Results of the comparison of the dual-emulsion film com- 
bination with the standard single-emulsion film combination 
are shown in Table 1. The numbers in Table 1 are the number 
of image pairs falling into each category as rated by observers 
A, B, and C. Although the data in this table distinguish 
between the “same” and “better” groups, the data in these 
two categories were combined for all statistical analyses. 
When the results were subdivided into the three parenchymal 
groups, fatty (X = 19 cases), mixed (X = 20 cases), and 


dense (X = 11 cases), no consistent relationship was apparent 
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between the density of the breast and the assessment of the 
quality of the film for all six characteristics evaluated. For one 
observer (A), a significant (p < .05) association was seen 
between increasing breast density and improvement in film 
latitude as measured by the ease in evaluation of skin visibility 
without the aid of a hot light. However, the relationship was 
not apparent in the ratings of the other two observers. Given 
the large number of tests performed, this finding was probably 
due to chance and was not a true association. Thus, it was 
not necessary to stratify the results by density of the breast. 

In Table 2, the number of cases rated “same” and “better” 
were combined and represented as proportions. Tnis was the 
form in which the data were analyzed. The two numbers in 
parentheses next to each proportion are the lower and upper 
limits of the 95% confidence interval, or in other words, the 
bounds within which we are 95% confident the true proportion 
lies. 

The new dual-emulsion film combination was consistently 
rated the same or better than the standard combination by 
all three observers with respect to parenchymal sharpness 
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(94-100%), as well as the number of calcifications (98-100%) 
and their sharpness (98-100%) and the sharpness of masses 
(100%) when present. Calcifications were identified in 19 
patients by at least two or more observers. In five of these 
19 patients, the calcifications were not commented on by one 
of the three observers; however, this was the same for both 
film Combinations. These included one case of early vascular 
calcifications and four cases of isolated, scattered benign 
calcifications numbering between one and three, which may 
have been overlooked as inconsequential. The calcifications 
included 11 cases of secretory calcifications that were iso- 
lated and scattered and numbered between one and seven, 
except for one small group of two and another cf three 
calcifications. The calcifications were predominantly less than 
0.5-mm diameter in four of these cases and greater than or 
equal to 0.5-mm diameter in seven cases. Two cases showed 
innumerable scattered, faint microcalcifications measuring 
less than 0.5 mm in diameter. Two cases showed vascular 
calcifications with multiple plaques of which the average 
diameter was less than 0.5 mm. One case showed a soft- 


TABLE 1: Number of Dual-Emulsion Film Combinations Rated Better, Same, and Worse Than 
the Standard Single-Emulsion Film Combination for Each Characteristic Evaluated 
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Observer 
Characteristic Rating A B C 
Fatty Mixed Dense Fatty Mixed Dense Fatty Mixed Dense 

Parenchymal Better < 6 8 2 4 8 18 16 7 
contrast Same 7 7 4 17 16 2 1 0 1 
Worse 7 5 2 0 1 0 2 5 0 
Parenchymal Better 0 0 0 0 0 1 19 18 7 
sharpness Same 18 18 14 19 21 8 2 0 1 
Worse 0 0 0 0 0 1 0 3 0 
Parenchymal Better 0 0 0 0 0 0 0 0 0 
latitude Same 0 4 4 5 9 7 4 1 2 
Worse 18 14 10 14 12 3 17 20 6 
Number of More 0 1 3 0 0 0 0 0 0 
calcifications Same 18 17 11 19 21 9 21 21 8 
Less 0 0 0 0 0 1 0 0 0 
Sharpness of Better 0 0 0 0 0 0 4 5 4 
calcifications Same 18 18 14 19 21 10 16 16 4 
Worse 0 0 0 0 0 0 1 0 0 
Sharpness of mass Better 0 0 0 0 0 0 4 2 2 
contours Same 18 18 14 19 21 10 {1:7 19 6 
Worse 0 0 0 0 0 0 0 0 0 


Note.—Total number of subjects = 50. 


TABLE 2: Proportion of Dual-Emulsion Film Combinations Rated the Same or Better Than the 
Standard Single-Emulsion Film Combination (95% Confidence Interval) 











Observer 
Characteristic 
A B C 
Parenchymal contrast 0.72 (.593, .847)° 0.98 (.940, 1.00) 0.86 (.762, -9587 
Parenchymal sharpness 1.00 (.940, 1.00) 0.98 (.940, 1.00) 0.94 (.873, 1.00) 
Parenchymal latitude 0.16 (.056, .264)? 0.42 (.280, .560)° 0.14 (.042, .238)* 
Number of calcifications 1.00 (.940, 1.00) 0.98 (.940, 1.00) 1.00 (.940, 1.00) 
Sharpness of calcifications 1.00 (.940, 1.00) 1.00 (.940, 1.00) 0.98 (.940, 1.00) 
Sharpness of mass contours 1.00 (.940, 1.00) 1.00 (.940, 1.00) 1.00 (.940, 1.00) 


Note.—Total number of subjects = 50. 
p< 205. 
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tissue mass that contained about 30 calcifications, which 
ranged in size from less than 0.5 mm to 2 mm (Fig. 1). One 
case showed an indeterminate cluster of about 11 microcal- 
cifications measuring less than 0.5 mm in diameter, which 
was proved by biopsy to be an intraductal carcinoma, comedo 
type. The last two cases showed a combination of benign- 
appearing calcifications. The calcifications were visualized by 
the new film combination better or as well as by the standard 
film combination with respect to number and sharpness in at 
least 98% of cases. In no case were calcifications identified 
on one film type and not on the other. 

A total of 12 masses were identified in six mammogram 
pairs by all three observers. One mammogram pair showed 
seven well-circumscribed masses that were cysts ranging in 
diameter from 1.4 to 2.5 cm. Three cases each showed an 
intramammary lymph node ranging in greatest diameter from 
1.8 to 0.6 cm. One showed a 1.5 x 1.0 cm mass containing 
multiple calcifications (Fig. 1). The final case showed a 0.7- 
cm skin mole. The masses were visualized by the new film 
combination better than or the same as by the standard film 
combination with respect to the sharpness of their contours 
in 100% of cases. No mass was seen on one film type and 
not the other. 

All three observers found the new combination significantly 
worse (p < .05) with respect to film latitude (14-42%), as 
measured by the ease, or in this case, difficulty in evaluating 
skin visibility. In all cases, the skin, nipple, and subcutaneous 
fat could be seen with the aid of a hot light on subsequent 
examination. Two observers (A and C) found the new com- 
bination significantly worse (p < .05) with respect to paren- 
chymal contrast (72% and 86%, respectively); however, ob- 
server B found the new film to be the same as or better than 
the standard with respect to parenchymal contrast (98%). 

We examined the variation between the observers’ assess- 
ments of the two screen-film combinations to determine 
whether there were real differences, or whether the observed 
variations were due to chance, by using Cochran’s Q-test 
[8]. No significant difference in the evaluations was found for 
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parenchymal sharpness, number of calcifications, or sharp- 
ness of calcifications. The Q-test could not be done on mass 
contours because the evaluations did not vary between the 
observers. The observers were found to differ significantly 
from each other in their judgments of parenchymal contrast 
and latitude (p < .001). 

The milliampere-seconc readings were recorded for both 
the OM-1 and T-Mat MI! images in 30 cases. The mean 
reduction in exposure (as the mammographic units were 
shown to be operating linearly with respect to exposure over 
this range of milliampere-second readings) was 45%, with a 
range from 65% to 25%. Both these high and low values 
were in patients rated as having breasts of fatty density, and 
no correlation was found with the type of breast parenchyma. 
Even though all mammograms were phototimed, the optical 
density of each image was measured and the pairs sub- 
tracted. The average optical density difference was 0.31 
greater for the T-Mat MII image compared with the OM-1 
image, with a range from 0.92 to —0.48. The average differ- 
ence for the 30 pairs in which we had the milliampere-second 
readings was 0.27. The T-Mat MII images were slightly darker 
than the OM-1 images, at least in the areas of fatty paren- 
chyma measured. This occurred even though an absorber- 
thickness compensation device was installed; however, it may 
not have been working opt mally on one of the mammographic 
units. The base-plus-fog cifference was 0.04 greater for the 
T-Mat MII film. 

Phantom studies were performed to try to produce images 
with the two films that had as equal an optical density as 
possible. The best view of the phantom and the abnormalities 
contained within it was at an optical density of 1.00 for an 
area randomly selected as the standard (Fig. 2). In order to 
match the conditions used in our clinical work, this required 
a setting of 80 mAs for the OM-1 combination and only 40 
mAs for the T-Mat MII combination; these settings were 
obtained by using manua! exposures. Thus, the new dual- 
emulsion film combination reduces radiation exposure by 50% 
over the standard film combination. 


Fig. 1.—A and B, Craniocaudal mammograms 
show a somewhat lobulated 1.5 x 1.0 cm mass 
containing multiple microcalcifications, majority 
of which are less than 0.5-mm diameter. Micro- 
calcifications and mass are as clearly seen in B, 
dual-screen, dual-emulsion film (Kodak T-Mat 
Mil), as in A, single-screen, single-emulsion film 
(Kodak OM-1). 
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Fig. 2.—Memorial/Barts phantom. 

A and B, Microcalcifications located within 
embedded breast tissue and simulated soft-tis- 
sue test objects are at least as sharply visual- 
ized, if not better so, in B, T-Mat MII image (28 
kVp, 40 mAs), when compared with A, OM-1 
image (28 kVp, 80 mAs). 


Discussion 

We evaluated the image quality of an improved dual-screen, 
dual-emulsion film combination (Kodak Min-R Fast screen, T- 
Mat MIl film) which reduces exposure of patients to radiation 
by approximately 50% compared with a conventional single- 
screen, single-emulsion film combination. The T-Mat MII film 
contains flat or tablet-shaped silver halide grains compared 
with conventional pebble-shaped grains. The larger surface- 
area-to-volume ratio of the flat, tablet-shaped grains in the 
double-emuision film reduces light crossover [9]. Compared 
with the earlier T-Mat M film, the newer T-Mat MIl film also 
contains an inactive light-absorbing dye to reduce light cross- 
over to essentially 0% at the expense of approximately 40% 
greater exposure than with T-Mat M film. The Min-R Fast 
screen uses the same gadolinium oxysulfide phosphor as the 
standard Min-R screen, but is a two screen system in which 
the back screen is the same thickness as the conventional 
single back screen and the unique front screen is approxi- 
mately half as thick as the back screen [9]. 

We not only evaluate calcifications, which are often viewed 
as an index for the comparison of mammographic systems, 
but also look at parenchymal characteristics such as contrast 
and sharpness, because these are also extremely important 
for the detection and evaluation of masses and asymmetric 
densities [10]. The new Min-R Fast screen, T-Mat MIl film 
combination was rated to be equal or superior to the standard 
Min-R screen, OM-1 film combination by all three observers 
with respect to parenchymal sharpness, as well as the eval- 
uation of calcifications and masses, when present. 

The exact reason for the discrepancies among the observ- 
ers’ judgments of parenchymal contrast and latitude is un- 
clear. As film contrast and latitude are reciprocal qualities, the 
agreement ef all three observers on the worse film latitude 
suggests that film contrast actually was better or increased. 
We suggest that the disagreement between the observers 
with repect to film contast may be because contrast is a more 
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subjective characteristic and thus is more difficult to rate 
consistently. 

The decreased film latitude was not a problem with diag- 
nosis because the areas of dense parenchyma were well 
penetrated and the skin and subcutaneous fat subsequently 
could be visualized by using a hot light. In fact. a hot light 
also was necessary to evaluate adequately the overpene- 
trated areas, such as the skin, in 15 of the OM-1 mammogram 
images. Likewise, the small difference in base pus fog was 
not a problem because it was almost negligible. 

With a sample size of 50 pairs of mammograms, if the true 
percentage of “same/better” was less than or equal to 80%, 
then we would have had at least 95% power to detect it. For 
example, if in fact the acceptability rate were as low as 80%, 
the probability of correctly concluding that the rate was lower 
than 95% was 95%. In other words, there was a 5% chance 
that we would erroneously conclude that the new combination 
was acceptable [11]. With a larger sample size, we could 
have increased our statistical power; however, the sample 
size was based on available time and resources. 

Although we tried to mask any identifying markers on the 
mammograms that would indicate the film type, each observer 
eventually recognized a pattern because of the difference in 
the inherent qualities of each film type, including the increased 
contrast and decreased latitude of the T-Mat MII film. This is 
a source of bias that must be addressed in any comparison 
Study, but which we found impossible to avoid. 

Our results showed an average reduction in milliampere- 
second setting and thus patients’ radiation exposure of 45% 
with the dual-emulsion film combination, but the average 
optical density of the dual-emulsion film combination was 0.27 
darker than that of the standard combination. The phantom 
Studies showed the reduction to be 50% when optical density 
was the same for each film combination. We have subse- 
quently had our mammographic units recalibrated to reduce 
further the necessary exposure. 
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Clinical and Radiologic Features 
of Malignant Neoplasms in Organ 
Transplant Recipients: Cyclosporine- 
Treated vs Untreated Patients 





The radiologic and clinical features of 37 posttransplantation malignant tumors oc- 
curring in 33 organ transplant recipients were reviewed to determine the characteristics 
of the tumors, particularly in relation to previous treatment (or nontreatment) with 
cyclosporine. The 37 malignant tumors included lymphomas (eight in patients receiving 
cyclosporine and four in patients not given cyclosporine) and carcinomas of the skin 
and lips (11), head and neck (five), colon and rectum (three), uterus (two), vulva (two), 
lung (one), and urinary bladder (one). The neoplasms of the internal viscera and head 
and neck were relatively advanced when detected. The neoplasms of the skin, vulva, 
uterine cervix, and urinary bladder were low-grade malignant tumors. Most of the 
cyclosporine-induced malignant lesions were lymphomas. The lymphomas in cyclospor- 
ine-treated recipients were characterized by early appearance after transplantation; 
more extensive organ involvement; multiple, homogeneous solid lesions without central 
low density on CT and sonography; and regression after reduction of cyclosporine dose. 

We conclude that malignant tumors occurring after transplantation are often advanced 
and that lymphoma induced by cyclosporine has characteristic features. 
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The frequency of malignant neoplasms in patients who have received organ 
transplants is 100 times that for the age-matched general population [1-3]. Lym- 
phomas, skin cancers, and lip cancers are the most common varieties. Posttrans- 
plantation malignant tumors are known to differ from those of nontransplantation 
patients in frequency and histology. We studied the radiologic and clinical manifes- 
tations of posttransplantation malignant tumors. Also, we compared the imaging 
features of lesions seen only in cyclosporine-treated transplant recipients with 
those in transplant recipients who were not treated with cyclosporine. 


Subjects and Methods 


From January 1976 through December 1987, 785 organ transplantations (699 kidney, 65 
pancreas, 18 heart, and three liver) were performed on 721 recipients at The University of 
lowa Hospitals and Clinics. During this period, 37 malignant neoplasms developed in 33 
recipients, an incidence of 4.6%. There were 20 men and 13 women, ages 29-61 years 
(mean, 44 years). Two of the 33 transplant recipients who developed tumors received heart 
transplants and 31 received kidney transplants. Ten of the 33 recipients were treated with 
cyclosporine (in combination with steroids), which was first used at our institution in December 
1983 as an immunosuppressive agent after organ transplantation. The 37 malignant tumors 
included: 12 lymphomas (11 non-Hodgkin, one Hodgkin) and 25 carcinomas: 11 skin and lip, 
five head and neck, three colon and rectum, two uterus. two vulva, one lung, and one urinary 
bladder. 

Of 12 recipients with malignant lymphoma, eight were treated with cyclosporine and four 
were not. Ten received kidney transplants, and two received heart transplants. The diagnoses 
were made 27-64 months (average, 54 months) after transplantation in transplant recipients 
who were not treated with cyclosporine and 1-14 months (average, 4 months) in the 
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cyclosporine-treated recipients. Histologically, two transplant recipi- 
ents who were not treated with cyclosporine had B-cell non-Hodgkin 
lymphoma, one had T-cell non-Hodgkin lymphoma, and one had 
Hodgkin disease. All eight cyclosporine-treated recipients had B-cell 
non-Hodgkin lymphoma, and seven showed evidence of Epstein-Barr 
virus infection. 

Surgical and autopsy pathology reports, surgical reports, and 
relevant radiographic studies were reviewed. CT was performed in 
12 recipients with lymphoma and 12 recipients with other tumors. 
Sonography was performed in eight recipients with lymphoma and 
seven recipients with other tumors. Two upper gastrointestinal stud- 
ies. four barium enema studies, 32 chest radiographs, 25 abdominal 
radiographs, and two thyroid and three bone radionuclide scans were 
performed in a total of 33 patients. 


Results 
Malignant Lymphoma 


All four of the transplant recipients who were not treated 
with cyclosporine had lymph node involvement, and one had 
pelvic wall muscle involvement. Three (75%) of the four 
showed central low-density areas in the mass on CT (Figs. 1 
and 2). 

Lymphatic involvement in the eight cyclosporine-treated 
recipients was more diffuse. Although the most commonly 
involved organs were paraaortic and parailiac arterial nodes 
in six (75%) of the eight, several other organs were involved 
simultaneously. In four cases, hepatic involvement was shown 
on CT and sonography. Those lesions were multiple, homo- 
geneous, low-density areas on CT (Fig. 3) and hypoechoic on 
sonography (Fig. 4). Primary hepatic lymphoma was diag- 
nosed in two recipients because no adenopathy or other 
extrahepatic lesions were detected. CT examination of two 
recipients showed splenic lesions as homogeneous low-den- 
sity areas. One recipient had solid masses with homogeneous 
density involving the pelvic muscles on CT (Fig. 5). Another 
had pulmonary involvement with multiple noncavitating nod- 
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ules on chest radiography and CT. A focal, minimally enhanc- 
ing solid mass with a small centrally lucent area in the brain 
with surrounding edema was shown in one recipient. In one 
recipient who had a left nephrectomy for presumed chronic 
renal infection, the kidney revealed microscopic foci of poly- 
morphic, diffuse B-cell lymphoma. 

All posttransplantation malignant lymphomas were classi- 
fied according to the Ann Arbor Classification System, which 
is based on radiologic and clinical information. The malignant 
lymphomas in the transplant recipients who were not treated 
with cyclosporine were classified as stage II (one case), Ill 
(two cases), and IV (one case); those in the cyclosporine- 
treated recipients were classified as stage II (two cases) and 
IV (six cases). 

CT in seven (88%) of the eight cyclosporine-treated recipi- 
ents showed homogeneous low-density masses without cen- 
tral lower density areas. In six (75%) of the eight, the tumor 
regressed after the cyclosporine dose was reduced (Fig. 6). 


Other Carcinomas 


In 11 recipients with cancer of skin or lips, no metastatic 
lesions were revealed in any examinations. Colonic and rectal 
carcinomas in three recipients, shown by barium enema, were 
found in the cecum, sigmoid colon, and rectum. Two of the 
recipients with colonic carcinoma had lymph node metastasis 
on CT and sonography, and one had multiple small, diffuse 
liver metastases on CT. 

The three pharyngeal and laryngeal carcinomas were ad- 
vanced. One recipient had a hypopharyngeal mass with cer- 
vical node metastases shown on esophagogram and CT scan. 
Two other recipients also had cervical node metastases re- 
vealed clinically and by CT. Two recipients with thyroid car- 
cinoma showed multiple metastases on chest radiographs 
and radionuclide thyroid scans. 





Fig. 1.—Contrast-enhanced CT scan of a 44- 
year-old man 27 months after kidney transplanta- 
tion (no cyclosporine treatment) shows a pelvic 
wall mass with central low-density area (arrows). 
Biopsy results indicated non-Hodgkin lymphoma 
(T-cell type). 


Fig. 2.—Contrast-enhanced CT scan of a 55- 
year-old woman 64 months after kidney transplan- 
tation (no cyclosporine treatment) shows multiple 
enlarged retroperitoneal lymph nodes with central 
low-density areas. Biopsy revealed non-Hodgkin 
lymphoma (B-cell type). 


Fig. 3.—Unenhanced CT scan of a 38-year- 
old man 14 months after heart transplantation 
with postoperative cyclosporine treatment 
shows two large masses of homogeneous den- 
sity within liver. Biopsy results showed non- 
Hodgkin lymphoma (B-cell type). 
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Fig. 4.—Sonogram of liver in a 51-year-old 
man 4 months-after kidney transplantation with 
postoperative cyclosporine treatment shows a 
hypoechoic lesion between middle and right he- 
patic veins. A second hypoechoic lesion was in 
right lobe of liver. Biopsy results indicated non- 
Hodgkin lymphoma (B-cell type). 


Fig. 5.—Contrast-enhanced CT scan in a 47- 
year-old woman 4 months after heart transplan- 
tation with postoperative cyclosporine treatment 
shows two large pelvic wall masses (arrows) of 
homogeneous attenuation without central low 
densities. Histologic diagnosis was non-Hodgkin 
lymphoma (B-cell type). 


Fig. 6.—A, Unenhanced CT scan of a 66-year- 
old man 4 months after kidney transplantation 
with postoperative cyclosporine treatment 
shows multipie homogeneous, low-density le- 
sions in liver. Biopsy results showed non-Hodg- 
kin lymphoma (B-cell type). 

B, Unenhanced CT scan 3 months after cyclo- 
sporine dose was reduced. Note regression of 
hepatic masses. 


No metastatic lesions were shown with CT, sonography, 
or plain films in the two transplant recipients with uterine 
cervical carcinoma, the two with vulval carcinoma, or the one 
with carcinoma of the urinary bladder. 

One recipient with lung cancer had a large rignt pulmonary 
hilar mass en chest radiography and brain metastasis on CT. 


Discussion 


Organ transplant recipients have a 2-7% risk of malignant 
neoplasms arising de novo after transplantation [2, 3]. In this 
series, malignant tumors developed in 33 (5%) of 721 recipi- 
ents after organ transplantation. The tumor seen most often 
was lymphoma; this was because eight (80%) of 10 malignant 
tumors in the cyclosporine-treated recipients were malignant 
lymphomas. Cyclosporine, a fungal metabolite, inhibits sup- 
pressor T cells, which control overproduction of B cells. 
Although this helps to Suppress rejection of transplanted 
organs, the depressed immunologic defense system results 
in the development of malignant tumors, especially lymphoma 
with unrestricted proliferation of B cells infected by the Ep- 
stein-Barr virus [2, 4, 5]. 
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In our series, the differences in lymphoma between cyclo- 
sporine-treated and untreated recipients were as follows. (1) 
B-cell non-Hodgkin lymphoma was more commonly seen in 
cyclosporine-treated recipients. (2) Cyclosporine-induced lym- 
phomas appeared sooner than those in transplant recipients 
who were not treated with cyclosporine. (3) In cyclosporine- 
treated recipients, the involved organs were more varied and 
tumors were more extensive. (4) Radiologically, the lesions 
were homogeneous, multiple, solid, and did not show the 
low-density masses seen in transplant recipients not treated 
with cyclosporine. 

In the general population, Hodgkin disease is the most 
common lymphoma in any age group. As opposed to a 
frequency of 34% for all lymphomas, Hodgkin disease is 
present in only 2.6% of transplant recipients [2]. The most 
common types of lymphoma in these recipients are non- 
Hodgkin lymphoma with B-cell proliferation, polymorphic dif- 
fuse B-cell hyperplasia, or B-cell lymphoma (reticulum cell or 
immunoblastic sarcoma) [6]. It is related to the phenomenon 
that Epstein-Barr virus selectively infects B lymphocytes, 
Causing an intense B-cell proliferation [7, 8]. In our series, 11 
of 12 transplant recipients had histologically proved non- 
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Hodgkin lymphoma and 10 had B-cell type. However, all eight 
recipients with cyclosporine treatment had B-cell non-Hodgkin 
lymphoma and seven of eight showed evidence of Epstein- 
Barr virus infection. 

The malignant lymphomas in cyclosporine-treated recipi- 
ents are characterized by their relatively early appearance 
after transplantation, widespread involvement at the time of 
discovery [9], and regression or complete resolution after 
reduction of immunosuppression, specifically the dose of 
cyclosporine [10]. In our series, the time from transplantation 
to diagnosis of the malignant lymphoma in transplant recipi- 
ents who were not treated with cyclosporine averaged 54 
months, whereas the interval in those treated with cyclospor- 
ine was 4 months. 

Lymphoma in cyclosporine-treated recipients involved more 
varied organs and was more extensive than that in transplant 
recipients not treated with cyclosporine. Regression after 
reduction of cyclosporine dose also was shown in 75% of 
cyclosporine-treated recipients. 

In two earlier series before the era of cyclosporine therapy, 
malignant lymphomas occurring after organ transplantation 
were noted to have central areas of low density on CT and 
hypoechoic areas on sonography [11, 12]. In our series, the 
malignant lymphomas in three (75%) of the four transplant 
recipients not treated with cyclosporine showed this central 
area of low density, whereas those in cyclosporine-treated 
recipients showed multiple, homogeneous, solid lesions on 
CT and sonography. In our preliminary study involving fewer 
cases, we noted the multiple, homogeneous density masses 
on CT in hepatic lymphoma of cyclosporine-treated recipients 
[13]. 

The skin and lip cancers were the second most common 
lesions in our series. Malignant neoplasms of the skin in 
transplant recipients also differ in several ways from those 
encountered in the general population [3, 14]. Basal cell 
carcinomas are far more frequent than squamous cell carci- 
nomas in the general population, but the relationship is re- 
versed in transplant recipients. In our series, 64% of patients 
had squamous cell carcinoma. Multiple tumors were common 
and occurred in 45%, compared with a frequency of up to 
22% in the general population. However, 91% were evaluated 
as low-grade tumors at the time of diagnosis. Three colon 
and rectum, one lung, and five head and neck carcinomas 
were fairly advanced when detected. It is known that the risk 
of tumor development increases with age. Transplantation 
with chronic antigenic stimulation of the host and the concur- 
rent immunosuppressive treatment strongly potentiate the 
effect of age [15]. The average age of these eight recipients 
was 54 years at the time of tumor detection, corresponding 
to the age distribution of cancer in the general population. 
The deteriorated immune mechanism from aging and immu- 
nosuppressive treatment may be the reason for the aggres- 
siveness of these tumors. 
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The vulvar and uterine cervical carcinomas and the urinary 
bladder carcinoma all were carcinomas in situ. Human papil- 
loma virus and herpes simplex type-2 virus have been impli- 
cated in skin, vulval, and uterine cervical squamous cell 
carcinomas [14, 16]. Three of four recipients who had different 
malignant tumors were shown to have skin and vulval, skin 
and uterine, and vulval anc urinary bladder carcinomas. Hu- 
man papilloma virus was detected in skin lesions and uterine 
cervical lesions in the first and second cases. Herpes simplex 
virus was detected in a vulval lesion in the third case. The 
skin and lip, vulval, and uterine cervical lesions were located 
in relatively superficial organs or accompanied premalignant 
lesions, such as warts or keratoacanthomas with evidence of 
virus infection, and were monitored closely, which may explain 
why these tumors were found before they advanced to high- 
grade malignancy. However, the malignant lesions in internal 
visceral organs (colon, rectum, and lung) and head and neck 
were fairly advanced when detected. 
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Sonographic Diagnosis of 
Perforation in Patients with Acute 
Appendicitis 





The sonographic diagnosis of appendicitis can be challenging in patients with perfo- 
ration. In order to detect the accuracy of specific sonographic features of appendiceal 
perforation, graded compression sonograms in 100 patients with surgically confirmed 
acute appendicitis were reviewed retrospectively. Twenty-two of these patients had 
perforation. A statistically significant association was found between three sonographic 
findings and perforation: loculated pericecal fluid, prominent pericecal fat, anc circum- 
ferential loss of the submucosal layer of the appendix. No single finding had a specificity 
greater than 59%. By using a combination of one or more findings, the overall sensitivity 
of sonography for the diagnosis of perforation was 86%. The specificity, however, was 
only 60%. 

Our results suggest that in patients without a sonographically visible aopendix, 
recognition of loculated pericecal fluid and prominent pericecal fat may be a useful 
indirect clue to the diagnosis of perforating appendicitis. 


AJR 154:275-278, February 1990 


Graded compression sonography has been proved to be of value in the diagnosis 
of acute appendicitis, with sensitivities ranging from 75% to 89% [1-5]. The 
sonographic diagnosis of appendicitis may be difficult, however, in patients with 
perforation. Puylaert et al. [4] reported a sensitivity of only 29% in patients with 
perforating appendicitis in a recent prospective study. In addition, there are no 
reports of specific criteria that can be used to diagnose a perforated appendix 
sonographically. 

On the basis of our prior clinical experience with graded compression sonography 
in suspected acute appendicitis, we noted several sonographic features that 
appeared to be of value in differentiating perforating from nonperforating eppendi- 
citis. In this report, we attempt to analyze the sonographic findings associated with 
appendiceal perforation. 


Materials and Methods 


From February 1986 to May 1989, 100 patients who had both graded compression 
sonography that showed acute appendicitis and surgical confirmation were selected for a 
retrospective review of the sonographic and pathologic findings. Overall, there were 69 males 
and 31 females, ranging in age from 1 to 71 years (mean, 29 years). Among the 22 patients 
with perforating appendicitis, there were 16 males and 6 females, ranging in age f-om 1 to 
68 years (mean, 27 years). All sonographic studies were obtained with a 5-MHz electronically 
focused linear-array transducer (Acuson, Sunnyvale, CA) by using the real-time graded 
compression technique described by Puylaert [1]. The sonographic criteria establ shed by 
Jeffrey et al. [3] were used to diagnose acute appendicitis in this series. Patients with a 
nonccmpressible appendix 7 mm or more in maximal outer diameter were considered to have 
acute appendicitis. The only exception to the size criterion was in patients with a sonograph- 
ically visible appendicolith. If an appendicolith was present, the patient was considered to 
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TABLE 1: Sonographic Findings in Appendiceal Perforation 
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Sonographic Finding 
Statistically significant for 


perforation 

Loculated pericecal 9 78 
fluid 

Prominent pericecal fat 11 63 
>10 mm 

Circumferential loss of 13 53 
submucosal layer of 
appendix 

Not statistically significant 
for perforation 

Appendicoliths 8 65 

Focal loss of submu- 7 38 
cosal layer of appen- 
dix 

Retrocecal location of 8 61 
appendix 

Free pericecal fluid 6 56 

Maximal outer wall di- 16 22 
ameter of appendix 
>10 mm 

Percentage of All Find- 19 47 


ings 


True-Positive True-Negative False-Positive False-Negative pValue Sensitivity (%) 


15 


25 


Specificity (%) 
13 <.001 40.9 100.0 
11 <.010 50.0 80.8 
9 <.050 59.1 67.9 
14 >.050 36.4 83.3 
15 >.100 31.8 48.7 
14 >.250 36.4 78.2 
16 >.750 27.3 71.8 
6 >.750 Tet 28.2 
3 86.4 60.3 


ŘS 


have acute appendicitis regardless of the size of the appendix. 
Surgery was performed within 48 hr of sonography in all patients. 

Pathologic reports of the appendiceal specimens were reviewed 
retrospectively, noting the presence of perforation, appendiceal size, 
appendicoliths, and final pathologic diagnosis. Final pathologic diag- 
noses were either uncomplicated acute suppurative appendicitis or 
appendicitis with perforation. Surgical reports also were used to 
confirm these pathologic diagnoses. There were 22 patients with 
perforating and 78 patients with nonperforating appendicitis. Chi- 
square analysis with Yates correction, or Student's t test, was used 
to evaluate each of the sonographic features for perforation (see 
Table 1). 

The sonographic studies were reviewed retrospectively in a blinded 
fashion without knowledge of whether there was appendiceal perfo- 
ration. Transverse and longitudinal sonographic images of the appen- 
dix and pericecal area were analyzed for evidence of transmural 
appendiceal inflammation, periappendiceal inflammatory reaction, 
marked enlargement of the appendix, free or loculated fluid collec- 





tions, and appendicoliths. The following specific sonographic features 
were analyzed: (1) lack of visualization of the echogenic submucosal 
layer (either focal or circumferential) (Figs. 1 and 2), (2) presence or 
absence of appendicoliths, (3) pericecal free fluid, (4) pericecal locu- 
lated fluid (Fig. 3), (5) pericecal echogenic fat more than 10 mm thick 
(Fig. 1), and (6) marked enlargement of the appendix with maximal 
outer appendiceal diameters of greater than or equal to 10 mm. 


Results 


Only three sonographic findings were statistically significant 
for the diagnosis of perforating appendicitis: loculated perice- 
cal fluid (p < .001), circumferential loss of the echogenic 
submucosal layer of the appendix (p < .05), and prominent 
adjacent pericecal fat more than 10 mm thick (p < .01). The 
remaining sonographic findings were not statistically signifi- 
cant in discriminating between perforating and nonperforating 


Fig. 1.—Perforating appendicitis with CT cor- 
relation. 

A, Sagittal sonogram shows a noncompres- 
sible eppendix with an appendicolith (curved ar- 
row). Note linear echogenic appearance of pre- 
served submucosal layer (large straight arrow) 
and fecal areas of interruption of submucosa 
(small straight arrows). Note prominent fat (ar- 
rowheads) surrounding perforated appendix. 

B, CT scan of same patient shows calcified 
appendicolith (black arrow) and surrounding 
edematous periappendiceal fat (white arrows). 
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Fig. 2.—Perforated appendix (A) with circum- 
ferential loss of echogenic submucosa on sag- 
ittal sonogram. Note prominent periappendiceal 
fat (arrows). C = cecum. 


Fig. 3.—Perforated appendix with loculated 
fluid (abscess). Sonogram shows rounded col- 
lection of complex fluid containing low-level 
echoes. Note surrounding echogenic fat (ar- 
rows) “walling off” abscess. 


appendicitis. The best single sonographic feature for diagnos- 
ing appendiceal perforation was detecting a loculated perice- 
Cal fluid collection indicating an abscess. However, this find- 
ing was visualized in only nine of 22 perforated appendices 
(sensitivity, 41%) but was not visualized in any of the 78 
nonperforated cases (specificity, 100%). 

By using a combination of one or more of the Statistically 
Significant findings, the overall sensitivity for the sonographic 
diagnosis of perforation was 86%, with a specificity of 60%. 


Discussion 


Graded compression sonography is of value in the clinical 
diagnosis of acute appendicitis. However, the recently re- 
ported low sensitivity of 29% for diagnosing appendicitis in 
patients with perforation suggests a relative limitation of this 
technique [4]. It is likely that focal peritonitis associated with 
perforation may lead to inadequate compression or that ex- 
tensive necrosis of the appendix renders it difficult to visualize. 
In reports of large numbers of cases, the rate of appendiceal 
perforation ranges from 13% to 31%, with rates as high as 
65% accuracy in the elderly [6-11]. In a review of 1000 
patients from our institution who underwent appendectomy 
before graded compression sonography, the overall perfora- 
tion rate was 21%, virtually identical to the 22% rate noted in 
this series [6]. 

Puylaert et al. [4] have suggested that failure to diagnose 
appendiceal perforation by sonography rarely effects treat- 
ment of patients. This is certainly true in patients with small 
perforations, because prompt appendectomy is warranted. A 
review of the surgical literature, however, Suggests that the 
need for immediate surgery is controversial in patients with 
perforating appendicitis and large periappendiceal inflamma- 
tory masses. Early surgery in some patients may be associ- 
ated with higher morbidity than conservative management 
[12-15]. In patients with large periappendiceal phlegmons, 
antibiotic therapy followed by interval appendectomy is an 
acceptable alternative to immediate surgery [16]. In patients 
with well-defined and well-localized periappendiceal ab- 
scesses, percutaneous catheter drainage followed by interval 
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appendectomy also can be performed with low morbidity [16, 
17]. Thus, the failure to diagnose perforating appendicitis by 
sonography may lead to inappropriate early surgery when 
conservative management or percutaneous drainace would 
have been preferable. 

To date, little analysis of specific sonographic features of 
appendiceal perforation has been done. Puylaert noted that 
atonic bowel loops, interloop fluid pockets, thickened bowel 
walls, moderate amounts of free fluid, and no tenderness 
when pressure is applied to the right lower quadrant may be 
identified in various degrees in patients with perforating ap- 
pendicitis [1]. The ultimate usefulness of these findings is 
limited by the lack of statistical analysis and documentation 
of their occurrence in patients with appendicitis without per- 
foration. 

Three sonographic findings (loculated fluid, prominent peri- 
cecal fat, and circumferential loss of the echogenic layer of 
appendiceal submucosa) were all Statistically associated with 
appendiceal perforation. No single finding had a sensitivity for 
perforation greater than 59%. With a combination of one or 
more findings, however, the sensitivity increased to 84%, but 
the specificity was only 60%. 

Recent anatomic studies correlating the sonographic ap- 
pearance of layers of the bowel wall show that the submu- 
cosal layer can readily be identified sonographically and that 
it is echogenic [18]. Although not specifically proved by our 
data, the lack of sonographic visualization of the echogenic 
submucosal layer is likely to represent extensive submucosal 
ulceration and necrosis that can be correlated Statistically 
with a greater likelihood of perforation. 

No statistically significant correlation was seen oetween 
sonographic edema of free fluid and the presence of perfo- 
ration. Neither the presence of an appendicolith or marked 
enlargement of the appendix (>10 mm) was associated with 
perforation. 

In adults, appendiceal perforation is often contained and 
“walled off” by adjacent omental and mesenteric rat, thus 
preventing generalized peritonitis [1 6] (Fig. 3). With contrast- 
enhanced CT, periappendiceal inflammatory masses are often 
composed primarily of inflamed omental and mesenteric fat 
[16] (Fig. 1). Thus, prominent pericecal fat may be indirect 
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evidence of appendiceal perforation with evolution of a per- 
iappendiceal phlegmon. This sonographic finding will be of 
limited use in patients with little omental or mesenteric fat. 
We also have observed, anecdotally, prominent omental fat 
in patients with other diseases causing transmural inflamma- 
tion of the bowel such as cecal diverticulitis. Thus, this finding 
is not specific for perforating appendicitis. 

The most specific sonographic feature of appendiceal per- 
foration in this series was the presence of loculated pericecal 
fluid, indicating an abscess. Loculated fluid collections often 
appeared rounded in configuration and cause a mass effect 
on adjacent bowel loops (Fig. 3). Free fluid in the right lower 
quadrant, on the other hand, is nonspecific and may be seen 
in patients without appendicitis. It is often triangular in config- 
uration as it passively conforms to the paracolic gutter. In 
patients with sonographic findings suggestive of appendicitis, 
the visualization of a loculated pericecal fluid collection was 
100% specific for perforation in our series. The sensitivity, 
however, was only 41%. 

Recognition of the sonographic findings associated with 
appendiceal perforation is important for two reasons. First, in 
patients without an initially visible, noncompressible appendix, 
identification of prominent pericecal fat and/or loculated per- 
icecal fluid may be an important indirect clue to the diagnosis 
of underlying appendicitis. Thus, further efforts to show the 
appendix are warranted. When specific attention is directed 
toward imaging of the prominent pericecal fat, remnants of a 
perforated appendix can be recognized surrounded by the 
echogenic fatty mass. The ultimate specificity of prominent 
pericecal fat and loculated fluid alone, without a sonographi- 
cally visible appendix, must await a prospective study. 

Second, patients with appendiceal perforation and a large 
abscess or phlegmon may be managed with antibiotics and/ 
or with percutaneous drainage. Contrast-enhanced CT is the 
imaging method of choice to characterize periappendiceal 
inflammatory masses [16]. CT can be used readily to distin- 
guish areas of liquified abscess from phlegmon and to guide 
percutaneous catheter drainage [16]. On the basis of the CT 
findings, the surgeon can make an informed decision regard- 
ing either early surgery, primary antibiotic therapy, or percu- 
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taneous drainage. Sonography may then help in the selection 
of patients for further evaluation with CT. 
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Technical Note 





Double-Contrast Enema: A Simplified Method for Filling the 


Colon 


David W. Gelfand' and David J. Ott 


Among the useful attributes of a routine for filling the colon 
during a double-contrast enema are simplicity and ease of 
compliance by the patient. In this technical note, we present 
what we think is an unusually simple and undemanding 
method. The procedure requires minimal fluoroscopy and no 
movement of the patient while the colon is being filled. The 
method is sufficiently simple that it is easily learned by first- 
year residents and radiologic technologists. 


Materials and Methods 


After a brief history is obtained and the examination is explained 
to the patient, an air tip is inserted in the rectum, and the patient 
receives an IV injection of 0.5 mg of glucagon. The injection relaxes 
the colon and makes the examination more comfortable, but it is not 
mandatory. 

Handles are fixed near the head of the table for the patient to 
grasp, and the patient is placed in the prone 15-20° Trendelenburg 
position. Under flueroscopic control, barium suspension (Liquid Poli- 
bar Plus, E-Z Em Co., Westbury, NY) is allowed to flow around the 
splenic flexure and into the distal transverse colon. With the patient 
remaining in the prone Trendelenburg position, 30 pumps of air are 
administered with a bulb-type air pump (Fig. 1A). Without moving the 
patient, the table is elevated, and the rectum and distal colon are 
drained of barium suspension. The table is brought to the horizontal 
position, and again without moving the patient, a second 39 pumps 
of air are administered. Fluoroscopy is used briefly to determine that 
adequate barium suspension has reached the transverse colon and 
that distension of the entire colon has been achieved. The tip is 
removed, and radiography of the distal colon and rectum is started. 
At this point, it is anly necessary that the first rotation of the patient 


be onto the right side, which ensures that sufficient barium suspen- 
sion is transferred from the transverse colon into the ascending colon 
(Figs. 1B and 1C). This procedure can be used with radiographic 
sequences designed for conventional or remote contro! equipment 


[1]. 


Discussion 


This procedure for filling the colon with barium and air for 
a double-contrast enema was designed to provide maximal 
ease for the patient and simplicity of performance. It has been 
used in approximately 10,000 examinations performed over 
the past 13 years and has been tested thoroughly. A minority 
of these examinations were performed with conventional 
equipment; most were performed with remote control fluoros- 
copy. The method is learned easily by first-year radioogy 
residents and by technologists experienced in gastrointestinal 
radiology [2]. 

A major advantage of the procedure is that the patient 
remains prone until radiography has been started. The table 
is placed first in the 15-20° Trendelenburg position, then 
upright, and then horizontal, but the patient's position is not 
changed with respect to the table. 

The procedure depends on the effects of gravity and the 
anatomy of the colon. With the patient in the prone Trende- 
lenburg position, the mid-transverse colon is the most de- 
pendent segment of the colon. After injection of barium sus- 
pension and then air, a considerable fraction of the barium 
comes to rest in the transverse colon (Fig. 1A). The transverse 
colon is also dependent when the patient is upright, and most 
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Fig. 1.—A, Large film of colon obtained after filling with barium suspension and 30 pumps of air while patient was in prone 15° Trendelenberg position. 
Transverse colon is most dependent and has filled with barium suspension. 

B, Spot film of rectum and sigmoid colon obtained in left supine oblique position after removal of enema tip. Turning patient onto right side to reach 
this position has transferred barium from transverse colon into ascending colon and cecum (arrow). 

C, Left supine oblique view of colon obtained after spot filming shows adequate filling and coating of right colon. 


of the barium remains there while the distal colon is being 
drained. When the patient is returned to the horizontal position 
and the second 30 pumps of air are insufflated, the barium 
suspension in the transverse colon either remains there or is 
displaced partially into the ascending colon. To complete the 
transfer of barium from the transverse colon into the ascend- 
ing colon and cecum after the enema tip has been removed, 
it is only necessary to turn the patient onto the right side and 
then onto the back during initial filming of the rectum and 
sigmoid colon (Figs. 1B and 1C). 

The total of 60 pumps of air will distend the average colon 
when this method is used. The number of pumps is reduced 
to 50 pumps (25 plus 25) for smaller patients. However, 
patients who have a large colon should receive 60 pumps 
first. Additional air can then be insufflated as needed to 
achieve distension. 

With this procedure, air almost always precedes the barium 
suspension into the cecum. However, this does not produce 
an “air lock” and should not be of concern. Most of the barium 
suspension is in the transverse colon when filling has been 
completed, so turning the patient on the right side transfers 
barium into the right colon (Fig. 1C), resulting in a fairly uniform 
distribution of barium suspension among the major segments 
of the colon. 

Although this procedure has been designed for simplicity, 
it is not performed without fluoroscopy as was the “7 pump” 
method of Miller and Maglinte [3]. The brief periods of fluo- 


roscopy allow greater control over the distribution of barium 
suspension and air than can be achieved with any blindly 
performed routine. The method thus accommodates itself to 
patients with colons of different capacity. Also, the fluoros- 
copist is alerted to any variant anatomy, such as surgical 
resection or nonrotation, which may require modification of 
the procedure. As a result, failure to distribute the barium 
suspension and air adequately within the colon is rare. Such 
failures are usually associated with a very tortuous colon or 
with an inexperienced fluoroscopist. 

The contribution of this procedure to the overall accuracy 
of the subsequent double-contrast enema has been confirmed 
by radiologic-endoscopic correlation studies [4]. Despite the 
simplicity of the procedure, the resulting examinations are at 
least as accurate as those in which more complicated meth- 
ods of filling the colon are used. 
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Limitations in the CT Diagnosis of 
Acute Diverticulitis: Comparison of 
CT, Contrast Enema, and Pathologic 
Findings in 16 Patients 





Pitfalls in CT diagnosis of acute diverticulitis were investigated in 16 patients with the 
disease who had misleading or equivocal CT features. The CT appearance was corre- 
lated with contrast enemas (13 cases) and with surgical assessment and pathologic 
evaluation of resected specimens (12 cases). Limitations in the CT diagnosis were 
related to (1) marked thickening of the colonic wall, between 1 and 3 cm in cross section 
simulating colonic neoplasm (all patients); (2) inability to visualize small amounts of 
fibropurulent exudate in the absence of pericolic inflammatory changes (eight patients); 
(3) failure to detect discrete intramural abscess (five patients). Resected surgical 
specimens available in 12 cases proved that colonic wall thickening was caused by 
muscular hypertrophy and various degrees of submucosal inflammation, edema, fibrosis, 
or focal organized inflammatory tissue. Contrast enema was useful in 10 out of 13 
patients by excluding carcinoma of the colon and confirming the diagnosis of acute 
diverticulitis. 

A minority of patients with acute diverticulitis have equivocal or misleading CT 
features. In most of these patients, contrast enema will help make the correct diagnosis 
and avoid potential CT errors. 
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Although CT has been shown to be useful in confirming the clinical diagnosis of 
acute diverticulitis [1-4], the frequency of false-negative CT examinations is variably 
reported in the literature as 2% [2] or 21% [4]. This discrepancy is partially explained 
by the differences in the CT technique used and by the severity of the pericolic 
inflammatory process present in the groups of patients studied. It also may be 
related to the limitations of CT for use in diagnosing milder forms of acute 
diverticulitis. 

To investigate these limitations, we studied 16 patients with acute diverticulitis 
examined in our institution who had equivocal CT features leading to an indeter- 
minate or erroneous diagnosis. The CT findings were correlated with findings on 
contrast enema and with the available surgical and pathologic findings. 


Subjects and Methods 


These 16 patients are part of a group of 150 patients with acute diverticulitis who were 
examined with CT in our institution during the last 3 years. They were selected because they 
exhibited atypical CT features but had convincing clinical and/or pathologic evidence of acute 
diverticulitis. There were 12 men and four women with an age range of 35-88 years (mean, 
98 years). CT examinations were performed in all these patients mainly because of lower 
abdominal pain and tenderness, fever, and leukocytosis. 

CT examinations were done on GE CT/T8800 or 9800 units (General Electric Medical 
Systems, Milwaukee, WI). Standard techniques were used. Patients received a rapid bolus 
injection of 50 ml of 43% iodinated contrast material at a rate of 1.5 mi/sec followed by 150 
ml at 0.8 ml/sec. Starting 50-60 min before CT scanning, 700-800 ml of 2% diluted oral 
contrast solution was administered. Transaxial 10 x 10 mm images were obtained in all 
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patients. In five patients, repeat images of 5 x 5 mm sections over 
the region of interest also were obtained. Rectal air insufflation was 
performed, and 0.5 mi glucagon was administered IV to eight patients. 

Because of the abnormal but equivocal CT findings, contrast 
enema examinations were performed in 13 patients to confirm the 
clinical diagnosis and exclude colonic carcinoma. In addition, sigmoid- 
oscopy was performed in 10 patients, including three patients in 
whom barium enemas were not done. On the basis of the clinical 
evaluation, eight patients had water-soluble enemas and five patients 
had air-contrast enema studies. Contrast enema was performed the 
day before CT in one patient and after CT examination in the 
remaining 12 patients. The examination was performed within 5 days 
after CT in eight patients and within 2 weeks in four patients. During 
this time, patients were treated medically and showed a good to 
excellent clinical response. 

The dagnosis of diverticulitis was confirmed in 12 patients by 
segmental colonic resections performed 2-4 weeks after the CT 
scanning. Elective surgery was recommended to eradicate the source 
of infection and to prevent recurrence. In four patients, surgery was 
not performed and the diagnosis when they were discharged was 
based on the characteristic initial clinical presentation and excellent 
response to medical treatment. 

CT examinations and contrast studies were reviewed retrospec- 
tively. The radiographic findings were correlated with the clinical 
findings, with the surgical findings, and with the pathologic specimens 
available for examination in 12 cases. 


Results 


CT Examinations 


CT findings revealed pathologic changes involving a seg- 
ment of descending colon, sigmoid colon, or rectosigmoid 
junction All patients had slight to moderate thickening of the 
colonic wall. This was homogeneous and concentric in 13 
cases and varied between 1 and 3 cm. The colonic lumen 
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was narrowed and appeared smooth (Fig. 1), slightly irregular 
(Fig. 2), or had a sawtooth configuration (Fig. 3). Mild haziness 
in the pericolic fat was present in five cases (Fig. 2). Phleg- 
mons or abscesses were not seen in any patients. Air-filled 
diverticula were detected in four cases (Fig. 4), and fluid-filled 
intramural fistulas were observed in two cases (Figs. 3 
and 4). 

Focal round and homogeneous soft-tissue masses were 
seen in the remaining three cases. The masses were eccen- 
trically located in the colonic wall, had slightly irregular con- 
tours, and were accompanied by mild pericolic inflammation 
(Fig. 5). They measured 2-3 cm in the greatest diameter. 

In these patients, the CT findings were considered indeter- 
minate. The clinical diagnosis of diverticulitis could not be 
confirmed, and in most cases, carcinoma of the colon could 
not be excluded. 


Contrast Enema 


Contrast enemas were performed in 13 cases. In 10 pa- 
tients, diverticulosis of the distal colon was detected and 
carcinoma of the colon was excluded (Figs. 4 and 6). None 
of the studies showed pericolic extravasation or fistulas to 
adjacent pelvic organs. Intramural sinus tracts were detected 
in two cases. There was thickening and distortion of the 
colonic mucosa, mucosal tethering, localized mass effect, 
and/or spasm with luminal narrowing (Figs. 4 and 6). These 
findings associated with the clinical evaluation were consid- 
ered consistent with diverticulitis. In the remaining three 
cases, contrast enemas revealed partial obstruction, abrupt 
transition into a narrow rigid segment, and suggestion of a 
mass (Figs. 7 and 8). These findings were considered com- 
patible with colonic carcinoma. 





Fig. 1.—CT examination suggests carcinoma 
of colon in a patient with acute diverticulitis. 
There is concentric wall thickening with nar- 
rowed and smooth sigmoid lumen (arrows). CT 
scan shows no pericolic inflammatory reaction. 
Sigmoidoscopy excluded carcinoma and patient 
improved with medical therapy. 


Fig. 2.—CT findings in acute diverticulitis that 
are equivocal. CT scan shows circumferential 
thickening of sigmoid wall (open arrows) and 
small air-filled intramural diverticulum (solid ar- 
row). Air-filled lumen is narrowed and irregular, 
and there is only mild haziness in pericolic fat. 
Resected pathologic specimen showed intra- 
mural diverticula, inflammatory changes, and an 
intramural sinus tract indicative of acute divertic- 
ulitis. 


Fig. 3.—CT scan shows air-filled colonic lumen 
with a sawtooth configuration indicative of benign 
disease. There is circumferential and homogene- 
ous wall thickening (open arrows), but no pericolic 
inflammation. A fluid-filled, slightly beaded sinus 
tract is seen adjacent to posterior wall of sigmoid 
colon (arrowheads). Clinical presentation, sig- 
moidoscopy, and response to medical therapy 
were consistent with acute diverticulitis. 
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Fig. 4.—Acute diverticulitis with equivocal CT findings and more characteristic contrast-enema 


findings. 


A, CT scan shows a thick sigmoid colon (S). Degree of thickening is difficult to ascertain because 
colonic lumen is not visualized. Air-filled diverticula are present (open arrows). Fluid-filled, beaded 


fistulous tract is seen on anterior wall of sigmoid colon (arrowheads). 


B, Contrast enema shows spasticity with narrowing of sigmoid lumen and mucosal tethering 
compatible with acute diverticulitis (arrows). Pathologic specimen showed a thick-walled sigmoid, a 
5-cm fistulous tract parallel to colonic lumen, and fibropurulent exudate covering serosa. 


Fig. 6.—Acute diverticulitis presenting as in- 
determinate sigmoid thickening on CT and as 
diverticulitis on barium enema. 

A, CT scan shows short segment of concentric 
wall thickening (arrow) and only minimal peri- 
colic inflammatory changes. Colonic neoplasm 
was suspected. 

B, Barium enema shows diverticula (open ar- 
rows), preservation of mucosal folds, and irreg- 
ular defect on inferior aspect of sigmoid colon 
(solid arrow) consistent with diverticulitis. Pa- 
tient responded to medical treatment and re- 
fused elective surgery. 


Pathologic Correlation 


In the 12 resected pathologic specimens available for ex- 
amination, thickening and corrugation of the smooth-muscle 
layer accounted for most of the colonic wall thickening seen 
on CT examination. In addition, different degrees of fibrous 
and inflammatory reaction were present in the wall. Intramural 
diverticula and microabscesses were seen in five cases. Small 
amounts of fibropurulent exudate covering the serosal surface 
were present in eight cases. Edematous mucosa and injected 
hemorrhagic serosa were additional findings consistent with 
acute diverticulitis. Multiple perforated diverticula forming in- 
tramural tracts parallel to the colonic lumen were diagnosed 
in three cases (Fig. 4). An indurated inflammatory mass rep- 
resenting a chronic organized abscess was present in three 
pathologic specimens. These masses had a submucosal or 
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Fig. 5.—Acute diverticulitis presenting as dis- 
tal colonic obstruction mimicking carcinoma. CT 
scan at level of obstruction in descending calon 
shows an eccentrically located soft-tissue mass 
(Open arrows) associated with mild juxtacolic 
inflammatory response (arrowhead). Pathologic 
specimen showed a 3-cm firm and organized 
intramural inflammatory mass protruding into 
pericolic fat. 





intramural location adjacent to the mesenteric attachment and 
protruding into the pericolic fat (Fig. 5). None of the patients 
had surgical or pathologic evidence of free perforation, peri- 
colic abscess, or colonic neoplasm. 


Discussion 


Pitfalls in the clinical and conventional radiographic diag- 
nosis of acute diverticulitis have been well documented 
[5-9]. CT has been shown to be useful in confirming the 
clinical diagnosis by demonstrating mild wall thickening, co- 
lonic diverticula, and especially pericolic inflammation, phieg- 
mon, or abscess [1-4]. 

In most cases of acute diverticulitis the inflammatory pro- 
cess is extracolonic, so CT is well suited to identify these 


284 BALTHAZAR ET AL. 





abnormalities. CT delineates the type and degree of inflam- 
matory reaction and defines the location and size of pericolic 
abscess. It should be remembered, however, that in some 
instances the inflammatory process may be confined to the 
wall of the colon without or with only minimal pericolic disease. 
This was the case in 16 (11%) of 150 cases of acute divertic- 
ulitis reported in this series. In these cases, CT has shown 
significant limitations because, on one hand, forms of intra- 
mural diverticulitis escaped detection and on the other, 
symmetrical wall thickening or focal masses could not be 
differentiated from neoplastic colonic lesions. 

Review of pathologic findings in these series shows that 
the pitfalls in the CT diagnosis are related to several factors: 

1. Excessive thickening of the colonic wall, either concen- 
trically (Figs. 1-3) or focally (Fig. 5), suggests colonic neo- 
plasm. Although most colonic carcinomas are more than 2- 
cm thick, neoplastic lesions less than 1 cm in cross section 
may be seen [10]. Most patients with acute diverticulitis have 
only mild circumferential wall thickening measuring 4-5 mm 
[2]. There is, however, significant overlap in colonic wall 
thickness in diverticulitis and carcinoma, particularly with le- 
sions between 1 and 3 cm in thickness. As seen in this series, 
the wall thickening in diverticulitis is the result of different 
types and degrees of pathologic change including muscle 
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Fig. 7.—Acute diverticulitis with CT and con- 
trast enema findings suspicious for carcinoma. 

A, CT scan shows homogeneous soft-tissue 
mass in sigmoid colon (S). Lumen not visualized 
and degree of wall thickness difficult to evaluate. 
There are a few peripheral diverticula (arrow) 
but no pericolic inflammation. 

B, Contrast enema shows obstruction to ret- 
rograde flow with abrupt transition into a nar- 
rowed lumen (arrows). Pathologic specimen re- 
vealed thickened wall, fibrosis, and intramural 
inflammation typical of acute diverticulitis. 


Fig. 8.—Acute diverticulitis at the rectosig- 
moid junction mimicking carcinoma on CT and 
barium enema. 

A, CT scan shows circumferential and homo- 
geneous thickening of distal sigmoid (open ar- 
rows). There are slight inflammatory changes 
and small amount of fluid in left lower pelvis 
(arrowhead). 

B, Barium enema shows a short circumferen- 
tial lesion with overhanging edge consistent with 
colonic neoplasm. Pathologic specimen showed 
intramural microabscesses, extensive inflam- 
matory reaction, fibrosis, and pericolic fibropu- 
rulent exudate covering serosa. 


hypertrophy, fibrosis, edema, intramural inflammation, or or- 
ganized intramural inflammatory mass. 

2. Small amounts of fibropurulent exudate coating sigmoid 
serosa may escape detection. This is not unexpected; how- 
ever, lack of associated inflammatory changes in the pericolic 
fat leads to an indeterminate or erroneous CT diagnosis. 

3. Isodense-appearing infected intramural diverticula, mi- 
croabscesses, and intramural inflammatory exudate are not 
visualized with CT. Small air-filled intramural diverticula can 
be visualized occasionally (Fig. 2). However, although intra- 
mural abscesses of 2-3 cm in size may be detected, the 
minute size and relative high density of most of these pus 
collections make them hard to visualize even with thin-section 
(5 mm) technique. 

As surgical resections were performed between 2 and 4 
weeks after the CT examination and patients were treated 
with antibiotics, the severity of diverticulitis at the time of the 
radiographic examination cannot be established precisely. 
However, it is safe to assume that this CT presentation is 
seen in milder forms of diverticulitis confined mainly to the 
wall of the colon. 

On CT, visualization of a tethered or sawtooth configuration 
of the sigmoid lumen (Fig. 3) or demonstration of a fluid-filled, 
beaded intramural tract (Fig. 4) usually indicates benign dis- 
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ease. However, these findings are difficult to evaluate and 
rarely seen on CT; they are shown better and more often with 
contrast enema. In this series, contrast-enema examinations 
were not helpful in three cases (Figs. 7 and 8), but proved 
very useful in 10 patients by excluding colonic neoplasm and 
diagnosing diverticulosis. Associated findings of spasm, mu- 
cosal tethering, or intramural sinus tract in the appropriate 
Clinical setting of lower abdominal pain, fever, and leukocy- 
tosis are diagnostic of acute diverticulitis (Figs. 4 and 6). 

In our experience [2] including this series, CT has proved 
helpful in the majority of patients with acute diverticulitis. For 
this reason, we recommend its use as the initial imaging 
technique. In approximately 10% of patients, however, CT 
cannot confidently be used to diagnose acute diverticulitis. 
The differential diagnosis includes colonic carcinoma. When 
CT findings are equivocal, contrast enema should be used 
liberally as an important complementary examination. In ad- 
dition, when the patient improves and if surgical resection is 
not contemplated, sigmoidoscopy or barium enema study 
should be performed routinely to confirm the CT diagnosis 
before the patient is discharged from the hospital. 
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Book Review 





Manual of Diagnostic Radiology. By Joseph A. Pierro, Bruce M. Berens, and William L. Crawford. Philadelphia: 


Lea & Febiger, 295 pp., 1989. $28.50, softcover 


Medical students select radiology as an elective course for many 
reasons. One reason frequently cited is the need to learn the basic 
elements of film interpretation so that the student will be able to 
interpret radiologic studies when expert help is not at hand. A reason 
cited less frequently, but possibly of greater significance, is to gain 
information about the indications and limitations of any given type of 
study. This small book addresses itself to the beginner in radiology 
(medical student) and provides a good introduction to the field. 

Material is organized into six chapters: “Head,” “Spine,” “Chest,” 
“Abdomen and Gastrointestinal Tract,” “Genitourinary Tract,” and 
“Osseous System.” The subject matter of each chapter is developed 
in a similar manner. An outline of the normal anatomy is followed by 
a radiograph of the area. Structures identified in the text material are 
labelec clearly and identified in the accompanying radiograph. This is 
followed by a presentation of common abnormalities that occur within 
this region. These also are presented in outline form with accompa- 
nying radiographs appropriately identified and labeled. The strength 
of the book lies in the concise presentation in an outline form of the 
abnormal findings. Included in this outline is pertinent clinical infor- 
mation that allows students to make use of their clinical knowledge 
in film interpretation. For example, the chapter on the head has a 
presentation on differentiating between vascular grooves and frac- 
tures, a common problem faced by the neophyte. This short outline 
not only depicts the characteristic features of fractures but also tells 
the student that the presence of underlying brain injury does not 
correlate with the presence or absence of a skull fracture and that if 


significant head injury has occurred, CT examination is the best 
imaging technique to use. Similarly, the limitations of plain skull films 
in depicting vascular skull fractures are presented appropriately for 
students, again guiding the reader toward selection of a more appro- 
priate imaging technique. CT and nuclear medicine procedure are not 
treated as separate entities but rather are integrated into the pre- 
sentation within this well-organized book. 

Because of the concise outline form of the text material and the 
liberal use of large radiographic reproductions, this book is easily 
read. Although it has 295 pages, it has a softcover binding and can 
be carried relatively easily. A well-organized index permits rapid 
searching. 

Although the title suggests a more conventional compendium of 
radiographic reproductions, the book is, in fact, a well-presented 
outline of clinical radiology, with an appropriate amalgamation of 
radiologic and clinical material. Most importantly, it allows the student 
to develop the proper sense of not only when a given procedure 
should be ordered but also the limitations of any given radiographic 
procedure and possible contraindications. To the modern student 
faced with a bewildering array of choices, pressured by needs for 
cost containment, a guide of this type serves well. | would have no 
hesitation in recommending this well-written book to the medical 
students with whom | interact. 

Marvin E. Goldberg 
University of Minnesota Hospital 
Minneapolis, MN 55455 
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The Differential Diagnosis of Ringed Hepatic Lesions in MR 


Imaging 


Peter F. Hahn,’ David D. Stark,’ Sanjay Saini,’ Ernst Rummeny,"? Guillermo Elizondo, "3 Ralph Weissleder, 


Jack Wittenberg,’ and Joseph T. Ferrucci' 


Lesion morphology complements lesion signal intensity in 
the differential diagnosis of liver masses on MR images. This 
essay is intended to show how one morphologic feature, a 
ringed appearance, can be used to narrow the differential 
diagnosis of a focal hepatic lesion. A ring is a radially sym- 
metric peripheral zone with signal intensity different from that 
of the center on T1-weighted, 225-500/13-28 (TR/TE), and 
T2-weighted, 2000-2800/32-180, MR images. Sometimes 
there are several layers of rings. The ring may be a component 
of the lesion itself or may be a response of liver tissue to the 
presence of the adjacent lesion. 


Capsules in Primary Liver Tumors 


Fibrous capsules are present in 24-42% of hepatocellular 
carcinomas (Fig. 1), but occasionally also in adenomas (Fig. 
2) [1]. The capsule has low signal intensity because of colla- 
gen content. A capsule is best seen on T1-weighted images 
as a thin peripheral rim of low signal intensity separating 
tumor tissue from normal liver. T2-weighted images show the 
capsule less readily because of reduced signal-to-noise ratio. 
Sometimes, displaced blood vessels around a space-occu- 
pying hepatic mass mimic the appearance of a capsule. 


Anular Features of Metastases 


Hepatic metastases may exhibit either of two different ring 
patterns on T2-weighted images [2]. A peritumoral “halo” (Fig. 
3) of high signal intensity is seen in 13% of metastases and 
in 29% of malignant primary liver tumors. In 27% of metas- 
tases, liquefaction necrosis can be seen as a central zone of 
especially high signal intensity, giving the lesion a “target” 
appearance, sometimes in conjunction with a peritumoral halo 
(Fig. 4). On T1-weighted images the increased water in ne- 
crotic tissue appears as a central zone of especially low signal 
intensity. The presence of a peritumoral halo or a target on 
heavily T2-weighted images distinguishes metastases from 
cavernous hemangiomas (Fig. 5). 


Hematomas 


Rings in subacute hematomas are mediated by iron-con- 
taining products of hemoglobin degradation. An outer ring 
has very low signal intensity on all pulse sequences, is some- 
times incomplete, and has been attributed to magnetic field 
inhomogeneity induced by iron particles, either hemosiderin 
or ferritin. Inside the dark outer ring is a bright ring of very 
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Fig. 1.—Hepatocellular carcinoma. Ring in this case is formed by a capsule. 
A, SE 260/14 MR image obtained at 0.6 T shows capsule as thin peripheral ring (arrows) of low 
signal intensity between tumor and surrounding liver. Fatty degeneration in tumor shortens T1 and 


increases contrast with capsule. 
B, T2-weighted MR image (SE 2350/120) shows capsule less distinctly. 


A 


Fig. 3.—Metastasis with peritumoral halo of increased water in liver tissue around lesion. 
A, T2-weighted SE 2350/120 MR image shows halo (arrow) of lengthened T2 adjacent to tumor. 
B, T1-weighted MR image fails to show zone of increased water around lesion. 


short T1, best seen on T1-weighted images. This ring indi- 
cates the paramagnetic effect of methemoglobin at the pe- 
riphery of the clot. Hemorrhages associated with hepatic 
neoplasms rarely exhibit the symmetry found in traumatic 
hematomas (Fig. 6). 


Inflammatory Cysts 


Hydatid liver cysts [4] have a cyst wall that resembles the 
capsule in primary liver tumors. However, contiguous with 
the very long T1 cyst contents, the capsule is poorly demon- 
strated on T1-weighted images. In contrast, T2-weighted 
images show the capsule as a rim of low signal intensity 
between the high signal intensity of the fluid cyst and the 
intermediate signal intensity of surrounding liver (Fig. 7). 
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Fig. 2.—Encapsulated hepatocellular adenoma. 
Low-signal-intensity capsule (arrows) on 0.6-T SE 
260/14 MR image is indistinguishable from cap- 
sule of hepatomas. Decreased density of mobile 
protons in fibrous tissue accounts for low signal 
intensity. (Reprinted with permission from Rum- 
meny et al. [1].) 





Fig. 4.—Metastases shown on MR image at 1.5 
T, SE 2000/80. Ring of viable tumor surrounding 
central necrosis (arrows) gives target appearance. 
Note peritumoral halo. 


Daughter cysts are demarcated from the parent cyst by a 
wall of low signal intensity. 

Amebic liver abscesses [5] respond to antibiotic treatment 
by developing four concentric zones. Both T1- and T2- 
weighted images are required to show all of them (Fig. 8). 
The central liquefied abscess is surrounded by inflamed gran- 
ulation tissue and a band of collagen. A narrow zone of 
edematous liver forms the perimeter. Edema is not visible on 
T1-weighted images. T2-weighted images show the central 
necrosis and granulation inside and edema outside as hyper- 
intense zones separated by the hypointense collagenous wall. 
Serial T2-weighted images show progressive resolution of 
the peripheral hepatic edema after treatment. Peripheral 
edema may be present around untreated abscesses, but 
usually it is not symmetric radially; the other ring features are 
absent or irregular and indistinct prior to therapy. 





Fig. 5.—Unusual cavernous hemangioma, with central cyst. 

A, SE 260/14 MR image obtained at 0.6 T shows ring of low-signal-intensity hemangioma tissue (arrow) around long T1 cyst. 
B, On SE 2000/32 MR image, central zone is visible. 

C, With more T2-weighting, SE 2000/64, lesion appears homogeneous because both cyst and hemangioma have long T2. 
(Reprinted with permission from Stark and Bradley [3].) 














Fig. 6. —Hematomasfrom small hepatoma im- 
aged at 1.5 T. 

A, SE 410/17 T1-weighted MR image best 
shows bright inner ring (large arrows) of methe- 
moglobin and dark outer ring (small arrows) of 
iron particle deposition. 

B, SE 2800/80 MR image does not visualize 
distinctive bright ring against long T2 of clot. 

(Courtesy of N. O. Whitley, Baltimore, MD.) 





A 


Fig. 7.—Hydatid cyst imaged at 0.5 T. 

A, T2-weighted SE-2000/60 MR image shows low-signal-intensity wall (arrows) around cyst. 

B, T1-weighted SE*500/25 MR image does not show wall because low signal intensity of cyst contents provides insufficient contrast. 

C, CT scan resembles T1-weighted MR image and shows wall of daughter cyst only. 

(Courtesy of L.-G. Vici, Caracas, Venezuela.) A 


C 
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A 


Discussion 


Not every lesion of the histologic types discussed here will 
present with ringed architecture. However, both T1- and T2- 
weighted images should be obtained to detect rings associ- 
ated with hepatic masses, and both T1- and T2-weighted 
images should be analyzed to distinguish among the various 
lesions that can have rings. 

A bright ring on T1-weighted images usually indicates hem- 
orrhage. Melanoma metastases and fatty degeneration in 
primary liver tumors can be hyperintense compared with 
normal liver, as can any lesion in the setting of hepatic iron 
overload. The coincidence of one of these conditions with 
central necrosis could produce a hyperintense ring. Therefore, 
the hypointense ring peripheral to the ring of hyperintensity is 
an important feature of hematomas. 

A bright ring on T2-weighted images indicates an increase 
in tissue water, seen around both inflammatory cysts and 
malignant neoplasms. The presence of a capsule distin- 
guishes hepatocellular carcinomas and adenomas from me- 
tastases and hemangiomas. 

The ringed appearances of both treated amebic liver ab- 
scesses and hydatid cysts are distinctive. Unfortunately, the 
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Fig. 8.—Treated amebic liver abscess, im- 
aged at 0.35 T. 

A, T1-weighted SE 500/28 MR image shows 
three of four zones found histologically. Central 
low-signal-intensity cyst is surrounded concen- 
trically by zone of intermediate-signal-intensity 
granulation tissue (white arrows) and low-signal- 
intensity abscess wall (black arrows). 

B, On T2-weighted SE 2000/84 MR image, 
granulation zone is not separately distinguisha- 
ble from long T2 cyst contents, both enclosed 
by wall (black arrows). Lesion is surrounded by 
edematous liver (white arrows), visible only on 
T2-weighted image. 

(Reprinted with permission from Elizondo et 
al. [5].) 


Fig. 9.—Cavernous hemangioma, showing 
ringed appearance created by IV injection of 
contrast material. 

A, Unenhanced SE 2350/180 MR image at 0.6 
T shows typical very long T2 of lesion (H). 

B, Breath-holding T1-weighted SE 225/13 MR 
image 12 min after IV injection of Gd-DTPA, 0.1 
mmol/kg (Berlex Laboratories, Wayne, NJ). As 
contrast material fills hemangioma, peripheral T1 
shortening produces irregular zone resembling 
a ring (arrows). 


MR appearance of amebic abscess before treatment is non- 
diagnostic, and little is Known about the spectrum of MR 
presentations of hydatid disease. 

When MR images show rings in a liver mass, the architec- 
ture on T1- and T2-weighted images may indicate necrosis, 
a capsule, walls, methemoglobin, iron particle deposition, or 
increased hepatic tissue water (congestion or edema). Rec- 
ognition of these histologic features can lead to a tissue- 
specific diagnosis. With the advent of IV MR contrast agents, 
ringed features may be enhanced and the list of ringed 
conditions extended (Fig. 9). 
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Gallstone Extracorporeal Shock- 
Wave Lithotripsy: Time and Treatment 
Considerations 





We evaluated 30 gallstone lithotripsy procedures performed on 27 patients with the 
Dornier MPL-9000 Lithotripter to determine how time was spent in the lithotripsy suite 
and to evaluate the various technical reasons for interrupting the administration of shock 
waves during the treatment. The procedure averaged 98 + 32 min total time in the 
lithotripsy suite. This included an average of 22 + 6 min before the treatment, 70 + 28 
min for administration of shock waves, and 6 + 2 min after the treatment. The time 
required to deliver the shock waves did not correlate with patient age, sex, or weicht; 
the number of gallstones; or the number or date of the treatment. However, a trend was 
seen toward an association between shorter treatment times and larger stone volumes. 
On the average, the administration of shock waves was interrupted every 48 shock 
waves for various reasons. Electronically changing the imaging plane of the in-line 
sonographic transducer to retarget the stone in the focal zone was by far the most 
frequent reason for interrupting shock-wave delivery, averaging 56 shock waves be- 
tween changes. 

We conclude that extracorporeal shock-wave lithotripsy of gallstones is a time 
consuming and technically demanding procedure that requires continuous monitoring 
and frequent interruption in order to optimize targeting and fragmentation of the stone(s) 
while maintaining the patient’s comfort. 
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Extracorporeal shock-wave lithotripsy (ESWL) is a relatively new, noninvasive 
means of fragmenting gallstones. Although the procedure has been performed for 
several years in Europe [1, 2], the technique was introduced in the United States 
in 1988 using a protocol approved by the Food and Drug Administration (FDA). In 
the first year of operation, approximately 1000 patients have undergone ESWL in 
the United States at a number of designated sites. As the technology expands, 
many centers are involved in either early clinical trials or in planning for the 
installation of facilities. Those involved in designing a lithotripsy center and estab- 
lishing treatment protocols need information about the amount of time spent by 
the average patient in the lithotripsy suite, as well as specific technical details 
related to the fragmentation procedure itself. 


Subjects and Methods 


A prospective study was conducted during a 3-month period after the lithotripsy unit nad 
been in operation for 5 months. Data were obtained from 30 consecutive procedures 
performed on 27 patients. The patients included 10 men and 17 women ranging in age from 
22 to 86 years (mean, 45 years). Twenty-five patients underwent the fragmentation procecure 
for the first time and three of those patients had a second treatment because they nad 
residual fragments larger than 5 mm in diameter. Two patients underwent only their second 
treatment as part of this study. 

Of the 25 patients undergoing the procedure for the first time, 21 patients had one stone 
(mean diameter, 18 + 7 mm) and four patients had two stones (mean diameter, 15 + 7 mm). 
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Of the five patients undergoing the procedure for the second time, 
one patient had three fragments (mean diameter, 9 mm) and four 
patients had numerous fragments of various sizes, estimated at more 
than 30 per patient. The study was performed under a protocol 
approved by the FDA. All of the patients met the following inclusion 
criteria: symptoms of biliary colic, a functioning gallbladder as deter- 
mined by oral cholecystography, a visible gallbladder and gallstone(s) 
by sonography, one to three stones, largest stone not greater than 
3 cm or less than 5 mm in diameter, and no more than a 3-mm rim 
of central nidus of calcium as determined by plain radiography. 

All procedures were performed on the Dornier MPL-9000 biliary 
lithotripter (Dornier Medical Systems Inc., Marietta, GA) by using a 
total of 1500 shock waves per treatment with a kilovoltage ranging 
from 14 to 22 [3]. All patients were treated in the prone position. 

The fragmentation procedure was performed by either of two 
radiologists. A registered nurse with 2 years of renal ESWL experi- 
ence assisted in all procedures. 

We used a data sheet to evaluate the lithotripsy procedure in terms 
of the curation of the procedure and the specific technical factors 
used. Time in the lithotripsy suite was divided into three categories: 
(1) pretreatment time, which included transferring the patient to the 
treatment table, attaching an oxygen cannula and monitoring devices 
(electrocardiogram, blood pressure, and pulse oximeter), and prelim- 
inary stone localization, which on the Dornier lithotripter is performed 
by an electronically coupled articulating sonographic transducer (out- 
of-line transducer); (2) treatment time, the time required to administer 
a total of 1500 shock waves; and (3) posttreatment time, the time 
required to disconnect monitoring devices, estimate the adequacy of 
the fragnentation process by using the out-of-line transducer, and 
transfer the patient off the treatment table. 

We aso used the data sheet to record the technical reason for 
interrupting the administration of shock waves as follows: (1) out-of- 
line transducer—how often the procedure was halted to evaluate the 
patient with the out-of-line transducer in order to localize the stone 
or to monitor the degree of fragmentation; (2) additional gel—how 
often the procedure was halted to add gel to the space between the 
water cushion membrane and the patient's skin to improve the 
sonographic image; (3) kilovoltage change—how often the procedure 
was halted to either increase the kilovoltage to improve fragmentation 
or decrease the kilovoltage to reduce patient discomfort; (4) in-line 
transducer—how often the procedure was halted to change the 
imaging olane of the in-line sonographic transducer in order to repo- 
sition the stone or fragments into the 3 x 20 mm focal zone, a 
process which is performed electronically at the control console 
because the transducer is located within the ellipsoid of the therapy 
unit; (5) ‘ight pen—how often the procedure was halted to use the 
light pen to target the stone or fragments; (6) cushion change—how 
often the procedure was halted to add or remove water from the 
treatment chamber in order to change the distance between the 
stone and the focal zone; (7) table change—how often the procedure 
was halted to change the elevation of the treatment table with a 
manually operated crank in order to position the stone within the 
focal zone; (8) position of patient change—how often the procedure 
was halted to physically and manually change the patient's position 
on the taole in order to position the stone in the focal zone; (9) C-arm 
change—how often the procedure was halted to change the angle 
of the C-arm in order to alter the contact point between the treatment 
cushion and the skin to diminish the patient’s discomfort; and (10) 
medication change—how often the procedure was halted in order to 
administer IV medication. 

The time required to deliver 1500 shock waves was correlated 
with patient's age and weight, the treatment date, and the volume of 
the stones by using the Pearson correlation coefficient and test of 
significance [4]. The time required to deliver 1500 shock waves also 
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was correlated (by using Student’s t test) with patient's sex, number 
of stones, and whether it was the first or second treatment. 


Results 


The summary of how time was spent in the lithotripsy suite 
is as follows: pretreatment time averaged 22 + 6 min (range, 
11-34 min), treatment time averaged 70 + 28 min and was 
highly variable (range, 36-145 min), posttreatment time av- 
eraged 6 + 2 min (range, 2-13 min). The total time in the 
lithotripsy suite averaged 98 + 32 min, with a wide range of 
60-180 min. 

There was no statistically significant correlation between 
treatment time and patient's age, sex, and weight or the 
number of stones (Fig. 1). 

There was a negative trend toward statistical correlation 
between the treatment time and total stone volume per patient 
(Fig. 2), assuming that the stones are spherical in shape (V = 
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Fig. 1.—Graph shows relationship between treatment time (Rx time, 
min) and number of gallstones per patient (# stones). There was no 
Statistical difference between treatment time for those patients with one 
or two gallstones (p = .48), although number of patients with two stones 
was small (n = 4). 
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Fig. 2.—Graph shows relationship between treatment time (Rx time, 
min) and total gallstone volume (mm°) in each patient. Note trend toward 
shorter treatment times with larger stone volumes (r = —.38, p = .06). 


AJR:154, February 1990 


3m). That is, there was a trend toward longer treatment 
times with smaller stone volumes. The relationship between 
treatment time and whether the patient was undergoing the 
initial treatment or a retreatment (Fig. 3), and the relationship 
between treatment time and the date of the procedure (Fig. 
4) showed no statistical correlation. That is, treatment time 
did not improve significantly as the lithotripsy team gained 
experience. 

The various technical reasons for interrupting the adminis- 
tration of shock waves are summarized in Table 1. Electron- 
ically adjusting the imaging plane of the in-line transducer was 
by far the most frequent change, averaging 56 shock waves 
between changes or an average total of 30 changes per 
treatment. 

On the average the lithotripsy procedure was halted, for 
whatever reason, a total of 35 + 14 times (48 shock waves 
between changes) during the 1500-shock-wave treatment 
period. During seven (20%) of the 35 times the procedure 
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Fig. 3.—Graph shows relationship between treatment time (Rx time, 
min) and whether patient was undergoing initial treatment (Rx #1) or a 
retreatment (Rx #2). There was no statistical difference (p = .57) although 
number of retreatments was small (n = 5). 
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Fig. 4.—Graph shows relationship between treatment time (Rx time, 
min) and date of procedure (month.day). There was no statistical correla- 
tion (r = —.25, p = .19). 
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TABLE 1: Summary of the Technical Reasons for Interrupting 
the Administration of Shock Waves (Maximum 1500 Shock 
Waves/Treatment) 

2S a CS aaa 
No. of Shock Waves No. of Changes/ 


ees Between Changes 1500 Shock Waves 
In-line transducer 562 21 30.1 + 13.8 
Out-of-line transducer 423 + 328 So 20 
Kilovoltage change 487 + 246 3.8+ 4.7 
C-arm change 696 + 437 Lee 13 
Table change PIESTA Le 15 
Medication change 964 + 520 izt 13 
Additional gel 1028 + 539 ioe 29 
Cushion change 1146 + 454 CTE LO 
Light pen 1148 + 523 Lae 2A 
Position of patient change 1346 + 362 DAS TA 


was halted, more than one kind of change was made. The 
remaining 28 times (80%), the procedure was halted in order 
to make an “in-line transducer” change only. In fact, except 
for “in-line transducer” (80%) and “kilovoltage change” (59%), 
one kind of change was less likely than not (<43%) to be 
made alone, but was usually made in conjunction with other 
kinds of changes (most commonly an “in-line transducer” 
change). 


Discussion 


The time spent in the lithotripsy suite averaged 98 + 32 
min, with a range of 60 to 180 min. This resulted from an 
average of 22 min of pretreatment time, 70 min of treatment 
time, and approximately 6 min for posttreatment time. This 
information about time is helpful when considering how to 
schedule patients, not only for performing the lithotripsy pro- 
cedure but also for performing sonography for pretreatment 
screening or posttreatment follow-up, should you choose to 
use the articulating sonographic transducer that is coupled to 
the lithotripter. With a total treatment time averaging 98 min, 
we feel that it may be difficult to treat more than five patients 
in an 8- to 9-hr workday. Furthermore, the schedule would 
require some flexibility as the treatment times ranged from 1 
to 3 hr. It should be emphasized that time in the lithotripsy 
suite can be minimized by performing as many tasks as 
possible before entering and after leaving the suite. Such 
tasks include obtaining informed consent, establishing IV 
access, attaching monitoring devices and administering pre- 
medication before the procedure, and sonographic imaging 
to assess the degree of gallstone fragmentation after the 
procedure. 

We found no relationship between the time required to 
administer 1500 shock waves and the age, sex, and weight 
of the patient. Furthermore, there was no significant difference 
in treatment time as related to the number of stones (one or 
two), treatment date, or whether it was the first or second 
treatment. We wondered whether longer treatment times 
might be found in elderly and/or large patients as well as in 
those with more stones or fragments, but this was not “he 
case. We also hoped to find shorter treatment times with 
accumulated experience but this was not substantiated in 
this group of 30 treatments. We did, however, note a trend 
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toward an inverse relationship between treatment time and 
the stone volume. That is, the larger the stone volume, the 
shorter the treatment time. The most likely explanation for 
this phenomenon is that larger stones are more easily visu- 
alized with the in-line transducer (which on the Dornier litho- 
tripter is mounted within the ellipsoid of the therapy unit), 
therefore requiring fewer “in-line transducer” changes, which 
were by far the most frequent changes. Fewer changes 
translate into a shorter treatment time. We did not attempt to 
quantify the degree of gallstone fragmentation; a longer or 
shorter treatment in no way implies poorer or better fragmen- 
tation, or vice versa. 

On the average, the delivery of shock waves to the patient 
was interrupted a total of 35 + 14 times during the treatment 
time for whatever reason. By far the most frequent reason 
for interrupting shock waves was an “in-line transducer” 
change, whereby the imaging plane of the in-line transducer 
was changed in order to reposition the stone or fragment(s) 
into the focal zone by electronic manipulation from the control 
console. On the average, this parameter was changed 30 
times during the procedure or once every 56 shock waves. 
Minute shifts in the position of the patient and/or of the 
stone(s) necessitate frequent manipulation of the in-line son- 
ographic imaging plane. 

All procedures in this study were performed by one of two 
radiologists with extensive sonographic experience. This con- 
cept must be considered when comparing the data in this 
study with data from lithotripsy operators who do not have 
similar sonographic expertise. We suspect that both the 
pretreatment and posttreatment time might increase slightly 
because sonographic evaluation is included in these time 
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periods. We also suspect that the treatment time would 
increase markedly because sonographic localization, particu- 
larly with those machines having in-line transducers, can be 
difficult and tedious. On the other hand, both teaching and 
data collection for various research projects also are per- 
formed during the ESWL procedure at our institution, and 
these factors may result in additional time in the lithotripsy 
suite. 

We conclude that ESWL of gallstones is a time consuming 
and technically demanding procedure that requires continu- 
ous monitoring and frequent shock wave interruption in order 
to optimize targeting and fragmentation of the stone(s) while 
maintaining the patient's comfort. The data suggest that 
larger volume calculi may require less treatment time for 
fragmentation, presumably because they are more easily 
visualized sonographically. 
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The Value of MR Imaging in 
Distinguishing Leiomyomas from 
Other Solid Pelvic Masses When 
Sonography is Indeterminate 





The differentiation of a uterine leiomyoma from other solid pelvic masses on sonag- 
raphy is usually straightforward. Occasionally, the sonographic appearance of a pedun- 
culated uterine leiomyoma may simulate that of a solid adnexal mass. The purpose of 
this study was to determine if MR imaging adds specificity to the diagnosis of indeter- 
minate solid pelvic masses visualized with sonography. Nineteen patients were imaged 
with MR after sonography revealed the presence of a solid pelvic mass adjacent to the 
uterus but could not be used to determine whether the mass was a leiomyoma or some 
other type of tumor. The diagnostic criteria for a leiomyoma on MR imaging included / 1) 
the presence of a mass adjacent to the uterus and (2) a mass that was predominantly 
low signal intensity or isointense compared with normal myometrium on T1-weighted 
images and predominantly low signal intensity on T2-weighted images. In 11 of 13 
patients, the masses that met these MR criteria for leiomyoma were proved to be uterine 
leiomyomas at surgery. Another mass that met the criteria was shown to be a leiomyoma 
in the broad ligament; the other was an ovarian fibroma. Of the six cases that did not 
meet the MR criteria for the diagnosis of leiomyoma, three were proved to be degener- 
ated fibroids, one was squamous cell carcinoma of the cervix, and two were ovarian 
malignant tumors. 

Because leiomyomas often have an MR appearance that is distinct from that of solid 
pelvic malignant tumors, MR imaging can be useful for the diagnosis of some indeter- 
minate solid pelvic masses. 
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When a solid pelvic mass is palpated during physical examination or imaged with 
sonography, it is usually easy to determine whether the mass arises from “he 
uterus. However, in some cases, it may be impossible to decide whether a solid 
mass in close proximity to the uterus represents a leiomyoma or a solid adnexal 
tumor, particularly if both ovaries are not clearly identified with sonography. In 
these cases, laparoscopy or surgery may be indicated to exclude the presence of 
a malignant ovarian neoplasm. 

The appearances of uterine leiomyoma and a variety of adnexal masses on MR 
imaging have been described in the literature [1-9]. Often, leiomyomas are entirely 
or predominantly low signal intensity or isointense compared with myometrium on 
T1-weighted images and low signal intensity on T2-weighted images, although 
there may be hyperintense regions within them. Adnexal masses, on the other 
hand, can show a wide spectrum of appearances depending on the tissue com- 
ponents. Solid malignant ovarian masses that are of low signal intensity on both 
T1- and T2-weighted images have not been reported [4-9]. Thus, given the often 
distinctive appearances of leiomyomas and solid adnexal neoplasms, MR imacing 
should be useful in the clinical setting described. We report a series of cases in 
which MR imaging was used to determine the nature of solid pelvic masses when 
the results of sonography were inconclusive. 
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Subjects and Methods 


Nineteen patients 19-77 years-old were imaged with MR after 
physical examination and transabdominal sonography revealed the 
presence of a solid pelvic mass that was intimately related to the 
uterus, but it could not be determined whether the mass was a 
leiomyoma. The masses were 4-10 cm in diameter. In two pregnant 
women, informed consent was obtained. Each of the patients had a 
sonogram that showed an indeterminate solid pelvic mass, MR 
images within 2 weeks of the sonogram, and pathologic proof of the 
diagnosis. 

MR imaging was performed at 0.35 T (Diasonics, Milpitas, CA) in 
five cases, 0.5 T (Philips, Shelton, CT) in four cases, and 1.5 T 
(Philips. or General Electric, Milwaukee, WI) in 10 cases. The patients 
were scanned with a variety of spin-echo (SE) pulse sequences that 
were optimized for the MR imaging unit and for the patient's body 
habitus and disease. The minimum study consisted of axial and 
sagittal T2-weighted images, 1500-2100/60-100 (TR/TE), and T1- 
weighted images, 300-800/20-30, in at least one plane. 

A pelvic mass was considered a leiomyoma on MR imaging if it (1) 
was adjacent to the uterus and (2) was predominantly low signal 
intensity or isointense compared with normal myometrium on T1- 
weighted images and predominantly low signal intensity on T2- 
weighted images. In seven cases, additional uterine masses were 
identified on sonography. Six of these were unequivocally considered 
to be uterine leiomyomas on sonography, were depicted with MR 
imaging, and were not evaluated in this study. One was an endome- 
trial carcinoma that was visualized with MR imaging and was separate 
from the indeterminate mass. In four cases, additional adnexal 
masses were identified on sonography. These were depicted with 
MR imaging also but are not the subject of this report. No attempt 
was made to determine the relative sensitivities of MR imaging and 
sonography for the detection of pelvic masses. The purpose of this 
study was to determine if MR imaging added any specificity to the 
diagnosis of indeterminate solid pelvic massses visualized with so- 
nography. 

The MR imaging studies were interpreted prospectively with knowl- 
edge of the patient's history and physical examination and sono- 
graphic findings. Because of the relatively small number of cases and 
the inclusion and exclusion criteria used, sensitivity and specificity 
data are not reported. 


Results 


Pelvic masses met the MR criteria for uterine leiomyoma in 
13 patients. Eleven of these patients were proved to have 
uterine leiomyomas at surgery (Fig. 1). Another mass was 
shown to be a leiomyoma in the broad ligament (Fig. 2); the 
other was an ovarian fibroma (Fig. 3). 

In six patients, masses did not meet the MR criteria for 
uterine leiomyoma because of predominantly heterogeneous 
or uniform hyperintensity on T2-weighted images. At surgery, 
three were found to be degenerated, pedunculated uterine 
leiomyomas. One was a large squamous cell carcinoma of 
the cervix that had extended behind the uterus (Fig. 4). In a 
patient with ascites and cervical cancer, two pelvic masses 
could not be distinguished from the uterus on sonography. 
The mass on the right side appeared to have a cystic com- 
ponent and is not included in this study, but the mass poste- 
rior to the uterus appeared solid. Both were papillary serous 
cystadenocarcinomas. On cut section, the mass posterior to 
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the uterus was a tumor in the left ovary, which was almost 
entirely solid with only a small amount of fluid (Fig. 5). In a 
patient with endometrial carcinoma, a 9-cm solid mass contig- 
uous with the left side of the uterus was detected on sonog- 
raphy. On MR imaging, the mass could not be separated from 
the uterus, but demonstrated diffuse heterogeneous hyper- 
intensity on T2-weighted images. At surgery, this mass was 
proved to be a poorly differentiated papillary adenocarcinoma 
involving the left ovary and broad ligament. It was uncertain 
whether this was a primary or metastatic ovarian tumor. 


Discussion 


Ovarian tumors, both benign and malignant, can range from 
cystic to solid [10, 11]. Although the sonographic differentia- 
tion of a uterine leiomyoma from a solid adnexal mass is 
usually straightforward, a pedunculated or exophytic uterine 
leiomyoma may simulate a solid adnexal mass because the 
echo texture of leiomyomas and solid ovarian tumors varies 
and usually is nonspecific. A recent publication described 19 
cases of proved leiomyoma in which sonograms were misin- 
terpreted as showing an adnexal mass [12]. Our experience 
suggests that MR imaging provides an alternative noninvasive 
method that can, at least in some instances, distinguish 
between uterine leiomyomas and other solid pelvic masses. 
When combined with the clinical findings, the MR imaging 
results could obviate surgical diagnosis. 

Most uterine leiomyomas are well-encapsulated masses 
containing densely packed spindle muscle cells and varying 
amounts of fibrous connective tissue. Although they often are 
of low signal intensity compared with myometrium on T2- 
weighted images, they may be partially or completely hyper- 
intense depending on the degree of cellularity, hyalinization, 
and hemorrhage [1-3]. Of the six masses in our series that 
were predominantly hyperintense on T2-weighted images, 
three were degenerated uterine leiomyomas, but three were 
malignant tumors. This shows that in those instances where 
a mass is predominantly hyperintense, one should be hesitant 
about making a specific diagnosis of leiomyoma unless its 
origin within the myometrium is unequivocal. Increased signal 
intensity within a uterine mass also could be caused by 
sarcomatous degeneration. However, this is usually an inci- 
dental pathologic diagnosis that is evident in approximately 
0.5% of resected uterine leiomyomas [13] and should not be 
considered unless evidence is seen of invasion or metastatic 
spread. 

Conversely, if a mass is adjacent to rather than within the 
uterus, but is completely or predominantly of low signal 
intensity on T2-weighted images, then the diagnosis of leiom- 
yoma is highly likely. Such was the case in 12 of 13 patients. 
The one exception was a patient with an ovarian fibroma. In 
a review of the literature, we could not find a single case of a 
solid adnexal or other pelvic mass that was predominantly or 
entirely of low signal intensity compared with myometrium on 
T2-weighted images [4-9]. Endometriomas and cystic tera- 
tomas may have large low-signal-intensity components, but 
their predominantly cystic contents are usually demonstrable 
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on sonography and they would not be confused with a solid 
uterine leiomyoma. Ovarian fibroma is a relatively common 
form of ovarian neoplasm and is composed of well-differen- 
tiated fibrocytes and fibroblasts. Fortunately, less than 1% of 
these fibrous lesions are malignant, and the clinical conse- 
quences of a misinterpretation of the MR images are probably 
minimal [14]. 

Two of the patients in this series were pregnant. Ovarian 
cancer is rare in pregnancy, but the management of ovarian 
cancer in the pregnant patient is generally the same as that 
for nonpregnant patients [15]. This consists of oophorectomy 
and bisection of the contralateral ovary for low-grade tumors, 
and more extensive surgery and adjuvant therapy for more 
advanced disease. Thus, when a pregnant woman is found 
to have a solid pelvic mass, it is crucial to determine whether 
the mass is uterine or ovarian. An ovarian mass may require 
immediate institution of therapy that could compromise the 
developing fetus. If the mass is shown to be a uterine leiom- 
yoma, then the fetus may be allowed to mature until it can be 
delivered safely. Although MR imaging should be discouraged 


Fig. 1.—42-year-old woman with 
mass to left of uterus. Pathologic di- 
agnosis was uterine leiomyoma. 

A, Axial SE 800/30 MR image shows 
4-cm mass (arrow), which is of low 
signal compared with adjacent uterus. 

B, Axial SE 2000/100 MR image 
shows that mass is hypointense com- 
pared with uterus on T2-weighted im- 
age. 


Fig. 2.—72-year-old woman with in- 
determinate right-sided solid pelvic 
mass on somography. Left-sided ad- 
nexal mass was cystic on sonography. 

A, Axial SE 430/20 MR image shows 
3-cm mass (f) on right and 4-cm mass 
(c) on left. Both masses are of low 
signal intensity on T1-weighted image. 

B, Axial SE 2000/80 MR image 
shows that mass on right (f) is hypoin- 
tense compared with adjacent uterus 
on T2-weighted image. Pathologic di- 
agnosis was leiomyoma in the broad 
ligament. Left-sided mass (c) is mark- 
edly hyperintense and proved to be a 
serous Cystoma of the left ovary. 
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during pregnancy, it may be useful when the information it 
provides is deemed critical for the survival of the mother and/ 
or fetus, and when it offers a definite advantage over other 
tests [16, 17]. On the basis of MR imaging findings, the two 
pregnant patients (at 14 and 20 weeks gestation) in our series 
were thought to have leiomyomas rather than ovarian tumors. 
Their pregnancies were permitted to progress normally and 
cesarean delivery was performed later, at which time the 
diagnosis of uterine leiomyoma was confirmed. 

In summary, in 12 of 19 cases of indeterminate solid pelvic 
masses on transabdominal sonography, MR imaging provided 
a specific diagnosis of leiomyoma. The only false-positive 
diagnosis occurred in the case of an ovarian fibroma, a benign 
tumor. Although the increasing availability of and experience 
with transvaginal sonography may result in fewer cases of 
indeterminate solid pelvic masses, MR imaging offers physi- 
cians a useful adjunct to sonography for the noninvasive 
diagnosis of indeterminate solid pelvic masses and could 
spare patients from further workup and diagnostic surgery in 
selected cases. 
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Fig. 3.—77-year-old woman with 
solid pelvic mass on right side that 
could not be separated from uterus on 
sonography. 

A, Axial SE 550/30 MR image shows 
that mass (arrow) is intimately related 
to lateral aspect of uterus and is hy- 
pointense on T 1-weighted image. 

B, Axial SE 2100/100 MR image 
shows that mass (arrow) is hypoin- 
tense compared with adjacent uterus; 
it was thought to be a uterine leiomy- 
oma. Pathologic diagnosis was right 
ovarian fibroma. 


Fig. 4.—54-year-old woman with 
known cervical carcinoma. Sonography 
showed 6-cm mass that could not be 
separated from posterior uterus. Path- 
ologic diagnosis was squamous cell 
carcinoma of the cervix with extension 
behind uterus. 

A, Sagittal SE 500/20 MR image 
shows low-signal-intensity mass (m), 
which is inseparable from posterior 
uterus (arrow). Note large cervix (c). 

B, Sagittal SE 2000/80 MR image 
shows that mass and cervical cancer 
are markedly hyperintense compared 
with uterine myometrium (arrow). Mass 
does not meet MR criteria for uterine 
leiomyoma. 


Fig. 5.—56-year-old woman with 
cervical carcinoma and ascites. Two 
pelvic masses could not be distin- 
guished from uterus with sonography. 
Mass on right side had a cystic com- 
ponent. Mass posterior to uterus ap- 
peared entirely solid on sonogram; it 
could not be determined if it was a 
pedunculated uterine leiomyoma. 

A, Axial SE 300/30 MR image shows 
8.5-cm mass (arrow) that cannot be 
separated from posterior uterus (u). 
Mass is isointense with uterine myo- 
metrium on T1-weighted image. Note 
ascites (a) and right-sided mass (m) 
with small central cystic component. 

B, Sagittal SE 2000/60 MR image 
shows that mass (arrow) posterior to 
uterus is more intense than uterus on 
T2-weighted image and does not meet 
MR criteria for leiomyoma. Pathologic 
diagnosis was bilateral papillary ser- 
ous cystadenocarcinoma. On cut sec- 
tion, posterior mass was almost en- 
tirely solid. 
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Videotape Review 





RSNA Today, Vol. 3, Special Edition. Oak Brook, IL: The Radiological Society of North America, 1989. $75; by 
subscription, 4 issues annually at $225 for RSNA members and $275 for nonmembers (videotape) 


This videotape contains approximately 30 min of data and opinions 
presented by Drs. Michael Bettmann, Peter Dawson, John Palmer, 
and Elliott Lasser, four experts who have been actively involved in 
the development and testing of iodinated contrast media. The objec- 
tive is to present the pros and cons of switching from current ionic 
monomeric contrast media to new low-osmolality agents. The video- 
tape addresses two questions. First, is the increased cost of the new 
low-osmolality contrast media justified by the increased safety asso- 
ciated with their use? Second, how do radiologists deal with the 
factors controlling this decision? The mixture of data, descriptions, 
and opinions is presented as individual short monologues by the four 
participants. These are accompanied on the videotape by tables and 
script summaries of the material being discussed. 

Dr. Bettmann’s descriptions of existing types of contrast media, 
both the ionic monomeric media and the new low-osmolality media, 
are presented clearly. The data tables and word charts are accom- 
panied by an audio background discussion of the material. Dr. Lasser 
effectively describes, in terms of four theses, the problems associated 
with the decision to use the new contrast media. The first thesis is 
that if cost were not an issue, then the switch to safer agents would 
be immediate. The second is that a total switch at this time is 
economically difficult in most departments and perhaps nationally. 
The third is that a partial switch could be achieved, and the fourth is 
that the switch to the newer agents should depend on considerations 
of cost and benefits, not legal consequences. 

The participants also provide some data on patients. Dr. Palmer 
presents material obtained from a large Australian study of IV pro- 
cedures that compared new nonionic media with the conventional 
ionic monomeric media. The videotape has no reference to the 
individual agents, but a referenced article indicates that iopamidol 
and iohexol were used. These data show differences in the percent- 
age of severe reactions to the ionic and nonionic media, both in low- 


and high-risk groups. No measures of statistical significance are 
mentioned in the videotape. 

Dr. Dawson describes the European experiences with low-osmo- 
lality agents. Although no numerical data are presented, he states 
that it is the European consensus that low-osmolality agents are 
safer than the ionic monomers and that the nonionic agents are 
tolerated better IV than the ionic dimer ioxaglate. 

Two of the participants suggest possible alternatives to a total 
switch to low-osmolality media. Dr. Bettmann describes alternatives 
that could be used in phlebography. Data indicating how conventional 
agents can be diluted to approach the safety of the nonionic agent 
iopamidol are presented in table format. Dr. Lasser describes other 
alternatives to a total switch. He suggests using other imaging 
techniques, and he describes how pretreatment with a two-dose 
corticosteriod regimen can provide increased safety comparable with 
that seen with nonionic contrast media. One of the numbers in the 
second table relating to the corticosteroid data is confusing and may 
be a mistake. Finally, Dr. Lasser presents data indicating that pre- 
testing could be important in identifying patients who should receive 
the safer contrast agents. 

This videotape clearly introduces the issues involved in this impor- 
tant problem. The data presented in the videotape are important and 
useful but are certainly incomplete. The tape does not provide data 
from a large Japanese study nor data for the dimer ioxaglate nor for 
intraarterial injections. Visual tables and word charts could have been 
presented better by highlighting the items being discussed, but they 
are still understandable. Despite the incomplete data, this videotape 
effectively describes the problem and the issues, though not consen- 
sus for a solution. 


Thomas W. Morris 
University of Rochester Medical Center 
Rochester, NY 14642 
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Perspective 





Current Status of Adult Uroradiology: A Survey of Members 
of the Society of Uroradiology 


Thomas J. Barloon,' Robert C. Brown, and Kevin S. Berbaum 


The purpose of this survey was to determine current prac- 
tice among radiologists who specialize in adult uroradiology. 
Areas of controversy that exist in adult uroradiology include 
the type and amount of IV contrast material for routine 
excretory urography (EU); whether written permission should 
be obtained before EU; and the primary responsibility for 
extracorporeal shock-wave lithotripsy (ESWL), prostate so- 
nography, and uroradiology interventional procedures. We 
believe adult uroradiology as performed by members of the 
Society of Uroradiology reflects state-of-the-art practice. Their 
consensus may provide useful guidelines for gereral radiolo- 
gists. 


Materials and Methods 


Questionnaires were sent to 89 members of the Society of Urora- 
diology in the United States and Canada who were in active practice 
of adult uroradiology as of March 1, 1989 (Fig. 1). The survey asked 
uroradiologists the following: type of practice (academic, private 
group, government-associated, private solo); number of EU proce- 
dures performed and whether the number has increased, decreased, 
or remained the same during the past 5 years; and whether written 
permission is obtained before EU. Additional questions involved the 
routine use of ionic or nonionic contrast material anc, if nonionic 
contrast material was not routinely used, the indications for selective 
use of nonionic contrast material. 

Uroradiologists were asked to rank their indications for EU. Those 
uroradiologists who left the indication blank were not tabulated. If the 
indication given was not used by the responding uroradiologist, a 
zero was noted. The respondents were asked to indicate the method 


of injection and amount of contrast material (with a 70-kg adult with 
normal renal function as standard). They also were asked o indicate 
who was primarily responsible for ESWL, transrectal sonography 
with biopsy, and uroradiology interventional procedures in their insti- 
tutions. 


Results 


Fifty-eight (65%) of 89 individual survey questionnaires from 
separate programs were returned. Each questionnaire was 
labeled with the individual respondent’s name and address to 
avoid duplication. Types of practice included 20% (11) private 
group, 74% (40) academic, 4% (two) government-associated, 
and 2% (one) private solo. The number of EU procedures 
performed monthly varies widely (range, 17-500), with a 
median of 100/month, and has decreased in 61% (34) of 
practices and remained the same in 39% (22). No respondent 
reported an increase (0%). Table 1 shows the percentage of 
respondents listing each of the indications for adult EU. Writ- 
ten permission is routinely obtained before EU by 30% (17) 
of respondents. lonic contrast material is routinely used for 
EU by 90% (51) of respondents, whereas nonionic contrast 
material is routinely used by 10% (six). Those uroradiologists 
who routinely use ionic contrast material selectively adminis- 
ter nonionic contrast material for a variety of indications (Table 
2). Other indications listed by two or fewer uroradiologists 
included comatose condition, solitary kidney or rena! trans- 
plant, fluid-electrolyte imbalance, lack of support personnel, 
lack of steroid pretreatment, pheochromocytoma, recent ionic 
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Adult Uroradiologic Practice: 
NAME: 


ADDRESS: 


Type of Practice (please check one) 
Private (solo) - 

Private (group) - 

Academic - 

Government (e.g. VA) - 


1. Approximate number of excretory urograms (IVPs) performed each month in adult 
patients (e.g. 10/day x 20 work days = 200 studies/month) . 
/month 


2. Number of excretory urograms (EU) performed over the past 5 or 6 years (please 
check only one). 
Increased 
Decreased 
Approximately same number performed 


s Do you routinely obtain written permission before injecting intravenous contrast 
for excretory urography in your adult patients? 
Yes 
No 


4, When performing excretory urograms, which contrast medium is routinely used 
(please check only one)? 
Ionic contrast 
Nonionic contrast 


5. If nonionic contrast medium is not routinely used in your department, do you 
ever use nonionic contrast for the following indications? 
Relative renal insufficiency 
History of previous major contrast reaction (e.g. difficulty breathing, 
anaphyloid reaction) 
History of previous minor contrast reaction (e.g. uticaria) 
Requested by patient or referring physician 
Other indications for using nonionic contrast in your practice (please 
list). 








(3) 





6. Which method of injecting intravenous contrast for excretory urography is most 

commonly used in your department (please check only one)? 

Bolus injection (by hand-held syringe; performed by staff or resident 
physician) 

Bolus injection (by hand-held syringe; performed by trained technologist or 
nurse) 

Automatic injector (e.g. pre-programed injector) 

Drip infusion method 

Combination of bolus injection followed by drip infusion 

Other (please explain other method) 








die Indications for performing excretory urograms in your adult patients (in terms 
of frequency: 1 = most common indication, 2 = second most common indication, 
etc.). If a listed indication is not used, please use (0) to indicate. 
Urinary tract infection in female or ma?e patient 
Before prostatectomy 
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Before gynecologic surgery 

Hypertensive evaluation 

Preoperative evaluation of colorectal disease/hernia 
Upper urinary tract surveillamce of bladder tumors 
Trauma 

Azotemia 

Evaluation of obstructive uropathy 

Screening potential renal donors 

Hematuria 

Palpable renal mass 





8. Are there additional indications not listed for which you perform excretory 
urocrams in adult patients? 


9. When using intravenous contrast (whether ionic or nonionic), approximately how 
much contrast is routinely administered (adult with normal renal function 
weighing 70 kg). [please check only one) 


Total of 20 g of iodine contrast 
Total of 40 g of iodine contrast 
Total of 60 g of iodine contrast 
Total of more than 60 g of iodine contrast 


10. Is extracorporeal shock wave lithotripsy (ESWL) in your department under the 
direction of radiologists? 
Yes 
No 
ESWL is not performed in our department or hospital. 


ll. Are you or other radiologists in your department primarily responsible for 
transrectal ultrasound including prostate biopsy? 

Yes, transrectal ultrasound and prostate biopsy are primarily performed by 

radiologist(s). 

No, transrectal ultrasound and prostate biopsy are not primarily performed 

by radiologist(s). 

Transrectal ultrasound and prostate biopsy are performed by both 

radiologists and urologists. 

____ Transrectal ultrasound and prostate biopsy are not performed in our 

department or hospital. 





12. Are you or other radiologists primarily responsible for interventional 
uroradiologic procedures (e.g. pemcutaneous antegrade pyleogram, stone 
extractions, urethral or ureter stricture dilatation, etc)? 

Yes, uroradiologists or other radiologists in our department are primarily 

responsible for uroradiologic interventional procedures. 

No, uroradiologists or other radiologists in our department are not 

primarily responsible for uroradiologic interventional procedures. 

Both radiologists and urologists in our department perform interventional 

uroradiologic procedures. 


13. Please list any additional comments. 








a aIIIIIIIIIMlMlMMllalallaaaassssssasllttltltlltlllllMlMl$l 


Thank you for completing this survey. 


Fig. 1.—Survey sent to 89 members of the Society of Uroradiology who practice adult uroradiology. 


contrast material administration, pulmonary disease, and pa- 
tient’s anxiety. 

The most common methods of injecting IV contrast material 
for EU included bolus injection by hand-held syringe per- 
formed by staff or resident physician (65%, 37 respondents); 
bolus injection by hand-held syringe performed by a trained 
technologist or nurse (26%, 15 respondents); drip infusion 
(4%, two respondents); and a combination of bolus injection 
followed by drip infusion (5%, three respondents). No re- 
spondent (0%) used an automatic preprogrammed injector. 
The amount of IV contrast material routinely administered 
was 20 g of iodine contrast material (43%, 23 respondents), 
40 g (47%, 25 respondents), and 60 g (10%, five respon- 


dents). Of the five responding uroradiologists who use 60 g 
of contrast material, four use bolus injection technique and 
one uses drip infusion. 

The majority of respondents (62%, 35) said ESWL is not 
performed primarily under the direction of radiologists, 4% 
(two) indicated the procedure is performed by radiologists, 
and 34% (19) do not have ESWL in their department or 
hospital. Among the 19 uroradiologists who do not have 
ESWL available, five are in private practice, 12 are in academic 
programs, and two are in government-associated practice. 
Transrectal sonography and prostate biopsy are performed 
primarily by uroradiologists (39%, 22 respondents) or by both 
uroradiologists and nonradiologists (39%, 22); 16% (nine) 
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TABLE 1: indications for Adult Excretory Urography 





ae Percentage Percentage 
MOCaNONS Indicated Not Indicated 

Urinary tractinfection 96 4 
Obstructive uropathy 90 10 
Hematuria 89 11 
Upper urinary tract surveillance of 

patients with bladder tumors 88 12 
Trauma 85 15 
Before prostatectomy 84 16 
Before gynecologic surgery 82 18 
Palpable rena! mass 70 30 
Screening renal donors 52 48 
Preoperative colorectal disease 51 49 
Hypertensive evaluation 39 61 
Azotemic evaluation 16 84 





TABLE 2: Indications for Selective Use of Nonionic Contrast 
Material 


Indications Percentage 
1. History of major contrast reaction 96 
2. History of minor contrast reaction 40 
3. Relative renal insufficiency 51 
4. Requested by referring physician or patient 52 
5. Cardiac failure and/or arrhythmia 26 
6. History of allergy or asthma 22 
7. Advanced age 21 
8. Diabetes mellitus 14 
9. Blood dyscrasia (myeloma, sickle cell anemia) 7 





indicated prostate sonography and biopsy are not performed 
by radiologists and 7% (four) stated that this procedure is not 
performed in their department or hospital. Of the four urora- 
diologists who do not have prostate sonography available, 
three are in private practice and one is in an academic 
radiology program. Most respondents (82%, 47) stated that 
uroradiology interventional procedures are performed primar- 
ily by uroradiologists or interventional radiologists in their 
department or hospital, 14% (eight) stated that interventional 
Studies are performed by both uroradiologists and nonradiol- 
ogists, and 4% (two) stated that nonradiologists have primary 
responsibility for uroradiology interventional procedures. 


Discussion 


Our survey reflects agreement and controversy in urora- 
diology practice. The number of EU procedures performed 
over the past 5 years has decreased in 61% of uroradiology 
practices, which probably reflects the primary use of sonog- 
raphy, CT, and occasionally MR (noted by several uroradiol- 
ogists) to evaluate suspected renal lesions (e.g., hematuria, 
renal obstruction, azotemia). Our survey shows that certain 
responding uroradiologists believe that EU is not indicated in 
their practice for evaluation of urinary tract infection (4%), 
obstructive uropathy (10%), and hematuria (11%). For ex- 
ample, Goldman et al. [1] and Hillman et al. [2] advocate CT 
as the only study necessary to evaluate gynecologic malig- 
nancies for possible urinary tract involvement. Ellenbogen et 
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al. [3] advocate sonography primarily to detect urinary tract 
obstruction. Most respondents agree that there is little indi- 
cation for EU in the azotemic patient or for hypertensive 
evaluation. Evidence has accumulated from clinical experi- 
ence and prospective studies that hypertensive urograms are 
not satisfactory for differentiating hypertension due to renal 
artery stenosis from essential hypertension [4]. 

There was disagreement on the value of EU in screening 
renal donors and in preoperative evaluation before colorectal 
surgery. Fifty-two percent of respondents stated EU was 
appropriate for screening renal donors, whereas 48% said EU 
was not indicated. Fifty-one percent of respondents stated 
EU was indicated for preoperative evaluation of colorectal 
disease, whereas 49% said EU was not indicated. Conversely, 
several respondents noted the number of EU procedures 
performed has remained the same because of the increased 
number performed before and after ESWL while the other 
indications have decreased. 

Written informed consent before injecting IV contrast ma- 
terial has been advocated by radiologists [5, 6]; however, the 
majority in our survey do not obtain written permission. Spring 
et al. [5] surveyed 902 patients regarding their opinion of 
informed written consent before contrast procedures. They 
found 90% would rather receive this information than not 
receive it; conversely, 10% preferred not to receive the infor- 
mation. Limitations in obtaining informed consent were com- 
mon and included medical emergencies and patients with 
limited understanding of the risk disclosure. Interestingly, two 
respondents routinely obtained written permission because 
of state law requirements. 

There is disagreement concerning the routine use of non- 
ionic contrast material during EU or CT [7-12]. Nonionic 
contrast material has been advocated for routine use because 
of probable decrease in adverse reactions; however, only 
10% (six respondents) routinely use nonionic contrast mate- 
rial for EU, whereas 90% (51) do not do so. Earlier studies 
[12-14] were conflicting and provided no clear guidance. 
However, recent studies from Japan and Australia [15, 16] 
have indicated nonionic contrast material provided a safety 
margin of 6:1 when compared with ionic contrast material. 
We did not survey uroradiologists regarding their reasons for 
routine use of ionic contrast material as opposed to nonionic 
contrast material. Most current literature suggests the routine 
use of nonionic contrast material may be financially prohibitive 
[5, 13, 14, 17, 18]. Indications for selective use of nonionic 
contrast material (by those uroradiologists who routinely use 
ionic contrast material) included history of major and minor 
reactions to contrast materials, relative renal insufficiency, 
and request by physician or patient (Table 2). Recent studies 
were unable to show a difference in the incidence of nephro- 
toxicity between patients receiving a nonionic contrast agent 
and those receiving an ionic contrast agent [19, 20]. 

The majority of radiologists use a bolus injection with a 
hand-held syringe, which is performed by either a physician 
or trained technologist. Only a small percentage routinely use 
drip infusion or bolus followed by drip infusion. Investigations 
also have supported bolus injection for EU [20, 21]. Two 
respondents use bolus injection in patients less than 40 years 
old and drip infusion in those more than 40 years old. 
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There is general agreement on the amount of radiographic 
contrast material for IV injection. Davidson [22] has noted 
that the diagnostic quality of EU depends on the level of 
contrast agent present in the plasma and available to the 
kidney for excretion. Of the responding uroradiologists, 90% 
used 20-40 g of iodine for IV injection. These amounts are 
supported by studies showing maximal benefit at these lev- 
els in adults of standard weight and normal renal function 
[22, 23]. 

The survey suggests that primary responsibility for renal 
stone lithotripsy is under the guidance of nonradiologists. This 
parallels our experience and that of others [24, 25]. However, 
most uroradiologists in our survey continue to perform inter- 
ventional uroradiology procedures. The number and complex- 
ity of interventional procedures probably have increased with 
the advent of ESWL [26, 27]. 

Although several reviews [28, 29] have been published on 
transrectal sonography with biopsy in prostate cancer screen- 
ing and staging, its exact role remains to be clarified. Among 
responding uroradiologists, 39% (22) perform transrectal so- 
nography with biopsy and 39% (22) perform the procedure in 
cooperation with urologists. Ten respondents stated that 
transrectal sonography with biopsy is performed by nonra- 
diologists in their institutions, whereas four respondents 
stated that the procedure is not performed in their institutions. 

In summary, our survey of uroradiologists reflects areas of 
agreement and controversy. Sixty-one percent of responding 
uroradiologists noted a decreased use of EU, probably be- 
cause of an increased use of sonography and CT. Ninety 
percent of our sample routinely use ionic contrast material 
and selectively use nonionic contrast material for limited indi- 
cations. Reports from Japan and Australia will probably re- 
verse this trend in the next 2-3 years. The most common 
method of IV contrast material injection is the hand-held bolus 
technique performed by a physician or trained technologist. 
Most respondents use 20-40 g of contrast material for IV 
injection. 

Interventional uroradiology procedures mostly remain the 
primary responsibility of radiologists. Prostate sonography 
with biopsy also is performed either by the uroradiologist or 
together with the urologist. However, at those institutions 
with ESWL available, the nonradiologist has the primary re- 
sponsibility. 
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Case Report 





Pericaliceal Varices Due to the Nutcracker Phenomenon 


Jonathan J. Trambert,’ Andrew M. Rabin,’ Kenneth L. Weiss,? and Arnold B. Tein’ 


A patient with intrarenal varices simulating a transitional cell 
carcinoma is described. The varices presumably were related 
to venous hypertension caused by extrinsic compression of 
the left renal vein between the superior mesenteric artery and 
the aorta (the nutcracker phenomenon). This rare entity 
should be considered in the differential diagnosis of caliceal 
filling defects seen on IV urography. MR imaging clearly 
showed the vascular abnormalities in this patient, and there- 
fore may be useful in the noninvasive evaluation of patients 
suspected of having the nutcracker phenomenon. 


Case Report 


A 44-year-old woman had a several-year history of intermittent left 
flank and abdominal pain without hematuria. An IV urogram showed 
a lobulated filling defect in the lower pole calix of the left kidney (Fig. 
1A). No pelvic or ureteral notching was identified. A retrograde 
pyelogram showed no abnormality, but specimens obtained by trans- 
ureteral brushing of the renal pelvis initially were interpreted as 
suspicious for transitional cell carcinoma. On review, this impression 
was revised to dysplasia without definite evidence of tumor. Cytologic 
examinations of subsequent ureteral washings and voided urine 
samples showed no abnormal cells. CT with and without IV contrast 
material showed no discrete evidence of intrarenal mass, only ques- 
tionable effacement of fat around the lower pole calix. In order to 
exclude neovascularity or vessel encasement caused by a small 
urothelial tumor, an arteriogram was performed, which showed nei- 
ther. However, the left renal vein was not visualized, anc opacification 
of periureteric and other retroperitoneal collateral veins was evident. 
There also was a suggestion of varices within the lower pole of the 


kidney. Retrospective evaluation of the CT study raised the possibility 
of compression of the left renal vein between the superior mesenteric 
artery and the aorta. Small retroperitoneal densities that presumably 
corresponded to collateral veins also were noted on the CT scans. A 
left renal venogram showed a racemose plexus of varicose veins 
overlying the lower pole calix, compression of the left renal vein, and 
filling of retroperitoneal collateral veins (Fig. 1B). A pressure gradient 
of 4 mm Hg was measured between the left renal vein and the inferior 
vena cava. The gradient between the right renal vein and tne inferior 
vena Cava was less than 0.5 mm Hg. 

Having been reassured that the lower pole caliceal filling defects 
were the result of extrinsic compression by venous varices rather 
than tumor, the patient agreed to return for MR, which clearly showed 
the retroperitoneal and intrarenal varices, as well as the compression 
of the left renal vein between the superior mesenteric artery and the 
aorta (Figs. 1C and 1D). The study was performed at 1.5 T; superior 
and inferior saturation pulses were used, with respiratory compen- 
sation. The T1-weighted spin-echo images (600/20) were the most 
informative. 


Discussion 


The nutcracker phenomenon has been recognized only 
recently in the literature [1, 2]. The usual clinical presentation 
is hematuria with or without associated left flank pain, and 
sometimes left flank or back pain alone. IV urography is 
frequently normal, but the most common abnormal finding is 
ureteral or pelvic notching due to extrinsic pressure from 
retroperitoneal collateral veins. When hematuria is present, 
unilateral bleeding from the left ureteral orifice is usually noted 
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Fig. 1.—A, Tomographic image from an IV urogram shows lobular filling defects in lower pole calix and infundibulum (arrow). 

B, Selective left renal venogram shows intrarenal varices (arrow) corresponding to location of lower pole calix. Note periureteric veins and other 
retroperitoneal venous collaterals (arrowheads). 

C, Parasagittal MR image, 600/20, through medial aspect of left kidney shows tortuous retroperitoneal varices. LRV = left renal vein. 

D and E, Axial MR images, 600/20, at level of renal vein (D) and lower pole calices (E) show compression of left renal vein (Xs) as it crosses between 
superior mesenteric artery (SMA) and aorta (Ao), retroperitoneal varices (black arrowheads), and intrarenal varices corresponding to those seen on 
venogram (white arrowheads). SMV = superior mesenteric vein; IVC = inferior vena cava. 


on cystoscopy. The possibility of the nutcracker phenomenon 
in this patient was raised by the nonvisualization of the left 
renal vein and filing of retroperitoneal collateral veins on 
selective arteriography. The suspicion was reinforced by find- 
ings seen on the CT scans in retrospect and confirmed by 
selective renal venography with pressure measurements. 
Beinart et al. [3] found a gradient of less than 1 mm Hg 
between the left renal vein and inferior vena cava in 49 of 50 
normal subjects. The gradient of 4 mm Hg in our patient 
therefore can be considered significantly different from nor- 
mal. 

The differential diagnosis of irregular caliceal filling defects 
on IV urography includes urothelial neoplasms; radiolucent 
calculi; blood clots; and inflammatory conditions such as 
pyelitis cystica, tuberculosis, and leukoplakia. In this patient, 
the irregularity was caused by extrinsic pressure from peri- 
caliceal varices that probably provided collateral drainage 
between the upper part of the kidney and the lower-pressure 
peripelvic and periureteric veins. Rare cases have been re- 


ported [4-6] in which intrarenal varices caused caliceal 
impressions simulating a neoplasm. In these cases, the intra- 
renal varices apparently were considered to be idiopathic. To 
the best of our knowledge, this is the first case reported in 
which pericaliceal varices have been attributed to the nut- 
cracker phenomenon. 
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Case Report 





Intratumoral Fat in a Renal Oncocytoma Mimicking 


Angiomyolipoma 


Nancy S. Curry,’ Stephen I. Schabel,' A. Julian Garvin,? and George Fish? 


A recent publication and other sources in the radiologic 
literature state that when CT shows definitive fat within a 
renal mass, renal cell carcinoma can be excluded and angio- 
myolipoma can be established as the diagnosis [1-4]. We 
report a renal mass that was proved to be an oncocytoma 
containing fecal areas of intratumoral, engulfed sinus fat. This 
finding should not be misinterpreted as intrinsic tumor fat, 
which would lead to the erroneous diagnosis of angiomyo- 
lipoma. 


Case Report 


A 64-year-old woman presented with abdominal pain. Physical 
examination, renal function studies, and urinalysis were normal ex- 
cept for mild pyuria. Anemia (hemoglobin levels, 8.9 gm/dl; hemato- 
crit, 27%) and an elevated sedimentation rate were present. A renal 
sonogram revealed bilateral renal masses. CT showed small, discrete 
areas of fat density (—80 H) scattered within a large, inhomogeneous 
left renal mass and also within the largest of multiple right renal 
masses (Figs. 1A and 1B). No central scar formation was apparent. 
The tumors were moderately hypervascular on angiography but did 
not show “spoke-wheel” configuration of vessels. Metastatic workup 
was normal. Open biopsies of both kidneys performed with the patient 
anesthetized were interpreted as consistent with carcinoma, and 
bilateral nephrectomies were performed. The patient is on chronic 
hemodialysis and free of metastases 1 year after surgery. 

Pathologic examination revealed a 15-cm, multilobulated left renal 
mass with areas of necrosis and hemorrhage (Fig. 1C). The tumor 
did not extend through the renal capsule. Within the tumor, there 


were several isolated clusters of mature adipocytes completely sur- 
rounded by tumor cells (Fig. 1D). The right kidney contained multiple 
tumor nodules with the same microscopic appearance as those in 
the left kidney except that intratumoral fat deposits were not noted. 
Ultrastructural examination of these tumors showed abundant cyto- 
plasmic mitochondria in the tumor cells, characteristic of oncocyto- 
mas. The mature adipose tissue was thought to be renal sinus fat 
trapped within the expansile tumor mass. 


Discussion 


Bosniak et al. [1, 4] pointed out that detecting fat, even in 
small amounts, in a renal tumor on CT examination appropri- 
ately identifies the lesion as a benign angiomyolipoma. The 
only other fatty tumors of the kidney are lipomas, liposarco- 
mas, and teratomas, although fat elements have been found 
in atypical Wilms tumor [5]. 

Although it is accepted that renal cell carcinomas do not 
contain fat, Bosniak predicted that large malignant tumors 
could engulf fat in the renal sinus or perirenal tissues, mimick- 
ing intrinsic fat. The large oncocytoma presented in this case 
report exhibited this characteristic, although a review of the 
CT scans of 48 large renal cell carcinomas (>4 cm in diameter) 
in our teaching files yielded no other case of fat entrapment. 

Renal oncocytoma is a benign-behaving solid tumor of the 
renal parenchyma, pathologically distinctive because of its 
granular, eosinophilic cytoplasm packed with large numbers 
of mitochondria. These tumors, considered by some pathol- 
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ogists as low-grade carcinomas, may achieve large size but 
rarely metastasize [6]. Although most oncocytomas have a 
favorable prognosis, higher grade tumors can show locally 
aggressive growth behavior, invasion of the renal pelvis and 
capsule, and metastasis to the lymph nodes with ultimately 
fatal outcome [7]. Conversely, renal cell carcinomas can 
exhibit oncocytic features, making the pathologic diagnosis 
difficult even when the entire specimen is available for study. 

Radiographic characteristics that have been attributed to 
oncocytomas include a “spoke-wheel” configuration of ves- 
sels and a homogeneous capillary phase on angiography and 
CT findings of a homogeneous mass with a central stellate 
scar [8]. The lack of specificity of these findings has been 
noted, however, as is illustrated by this case. 

The lack of smooth muscle or vascular proliferation along 
with the intratumoral fat makes the possibility of destruction 
of a preexisting angiomyolipoma unlikely. It seems even less 
plausible that there might have been multicentric incidental 
lipomas that became surrounded by the oncocytoma. Entrap- 
ment of renal sinus fat has to be considered the most likely 
reason for the fat within these tumors. This unusual case 
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Fig. 1.—A, CT scan shows large, 
inhomogeneous tumors of both kid- 
neys. Scattered fat (—80 H) was pres- 
ent in multiple areas of left kidney. 

B, CT scan of a more cephalad sec- 
tion through renal mass in right upper 
pole shows fat along lateral margin of 
tumor. 

C, Cut section of tumor shows areas 
of hemorrhage and necrosis. 

D, Photomicrograph reveals mature 
adipocytes within tumor. 


illustrates that the radiologist should be cautious in diagnosing 
a benign renal lesion solely on the basis of detection of small 
amounts of fat within a large renal mass. 
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The Frequency and Diagnostic 
Significance of Periostitis in 
Chondroblastoma 





A study was performed to determine the frequency of periosteal reaction associated 
with chondroblastoma, to investigate the underlying pathophysiology of the periosteal 
reaction, and to postulate the clinical importance of this radiographic observation. Two 
hundred fourteen histologically proved chondroblastomas were reviewed and observed 
for the presence or absence of periosteal reaction and for radiographic changes that 
might explain the cause of the periosteal reaction. A similar review was performed on 
30 other epiphyseally centered lesions of various causes. A distinctive thick, solid 
periosteal reaction distal to the chondroblastoma was present in 47% of all chondro- 
blastomas and 57% of chondroblastomas present in long bones (excluding the greater 
trochanter). No periosteal reaction was observed in any of the 30 epiphyseally centered 
lesions of other causes. When available for observation, plain films showed inflammatory 
changes in the joint surrounding the chondroblastoma, bone scintigraphy showed tracer 
uptake similar to that observed in inflammatory lesions and aggressive neoplasms, and 
MR images showed change in the marrow surrounding the chondroblastoma consistent 
with edema. This suggests an inflammatory reaction to the chondroblastoma, rather 
than mechanical stress across a weakened epiphysis, as the cause of the periostitis. 

We conclude that frequently the chondroblastoma produces a distinctive thick solid 
or layered periosteal response distant from the lesion along the diametaphyseal shaft. 
Observation of this unique periosteal response may help to distinguish chondroblastoma 
from other epiphyseally centered lesions. 
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Periosteal reaction is a recognized manifestation of chondroblastoma [1-5]. 
Braunstein et al. [6] suggested from a study of 10 chondroblastomas that periosteal 
bone apposition, although considered relatively rare, is more frequent than previ- 
ously recognized. This study was conducted to determine the true frequency of 
periosteal reaction with chondroblastoma, to speculate on the underlying patho- 
physiology of the periosteal reaction, and to suggest a possible clinical use of this 
radiographic finding. 


Materials and Methods 


Our radiologic archives contain 254 cases of histologically proved and radiographically 
correlated chondroblastomas, accumulated through consultation over 40 years. In a retro- 
spective review of the radiographs, 40 cases were omitted from the study because the 
images either were of poor technical quality or had superimposed complications of surgery 
or fracture. In the remaining 214 cases, 181 of the chondroblastomas were located in long 
bones and 33 were elsewhere in the skeleton (Table 1). 

Every radiograph was reviewed for the presence of periosteal reaction, and if present, the 
type of periosteal reaction was described. Where possible, the joint space adjacent to the 
chondroblastoma was assessed for apparent widening and/or effusion. When available, bone 
scintigraphic images, CT scans, and MR images were reviewed in an effort to gain further 
understanding of the pathophysiology. 
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TABLE 1: Frequency of Periostitis According to Location of 
Chondroblastoma 


a EN IT FEE PAE BEETS E i 


Total 





Location of Chondro- No. of Chon bi r 
olastoma Chondro- Manifesting Periostitis 
blastomas g 

Proximal humerus 41 30 (73%) 
Proximal tibia 42 26 (62%) 
Distal femur 52 23 (44%) 
Proximal femoral 

epiphysis 10 5 (50%) 
Greater trochanter 27 8 (30%) 
Distal tibia 7 4 (57%) 
Distal humerus 2 _ 0 (0%) 
Total in long bones 181 6 (53%) 
lium 6 1 (17%) 
Patella 15 
Capitate 1 
Scapula 2 
Calcaneus 4 3 (75%) 
Clavicle 2 1 (50%) 
Distal phalanx 1 
Talus e - 
Total elsewhere in 

skeleton _33 __5 (15%) 
Total 214 101 (47%) 


To comprehend better the pathophysiology of the periosteal re- 
action, we simultaneously reviewed similar material on other lesions 
located primarily in the epiphysis or epiphyseal area in patients less 
than 20 years old: bone cyst, Brodie abscess, cystic osteomyelitis, 
eosinophilic granuloma, enchondroma, osteoid osteoma, and osteo- 
blastoma. Our archives contain 725 enchondromas, of which only 17 
were located in the epiphysis or centered in the epiphyseal area. Our 
archives contain 455 cases of eosinophilic granuloma, none of which 
were located primarily in the epiphysis. We have 198 osteoid osteo- 
mas, none of which were located in the epiphysis. In fact, we were 
able to identify only 30 lytic lesions (other than chondroblastoma) 
centered in the epiphysis or epiphyseal region: 17 enchondromas, six 
bone cysts, four Brodie abscesses, two “low-grade inflammatory” 
lesions, and one osteoblastoma. All material was radiographically 
correlated and pathologically proved according to commonly ac- 
cepted histologic criteria. 


Results 


Radiographs of 214 chondroblastomas were observed spe- 
cifically for presence of periostitis. Periostitis was present in 
101 (47%). However, when we limited the study to chondro- 
blastomas in long bones (181) and excluded those arising in 
the greater trochanter (27), 88 (57%) of the remaining 154 
chondroblastomas manifested periostitis. In the proximal hu- 
merus, a dramatic 73% of chondroblastomas demonstrated 
periostitis (Table 1). 

The periosteal reaction was always diametaphyseal and 
distant from the actual chondroblastoma (Fig. 1). Further- 
more, it was present whether the chondroblastoma was 
limited to the epiphysis or extended into the adjacent meta- 
physis (Fig. 2). The most common appearance was a thick, 
solid periostitis (Fig. 3). However, many radiographs showed 
a layered periosteal reaction, with as many as three layers 
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discernible (Fig. 4). Whether single or layered, the periosteal 
reaction was always thick and solid. 

Where possible, the joint space adjacent to the chondro- 
blastoma was assessed for apparent widening and/or effu- 
sion. This assessment was difficult because most of the 
images available did not show the adjacent soft tissues or 
the normal contralateral joint for comparison. Nevertheless, 
radiographic evidence of joint involvement was apparent in 
15 cases (Fig. 5). 

Bone scintigraphy, available for review, always showed 
increased activity in a region more extensive than the chon- 
droblastoma itself. Diffuse uptake of the radionuclide occurred 
in the uninvolved bone or bones adjacent to the one containing 
the chondroblastoma (Fig. 6). This kind of uptake is observed 
in inflammatory lesions and aggressive neoplasms. Review of 
available CT scans helped to exclude cortical disruption as 
an explanation for the periostitis. Otherwise, CT provided no 
additional information regarding the pathophysiology beyond 
that available on the plain film. 

MR images were available in four chondroblastomas, three 
in long bones and one in the acetabulum. In all four cases, 
the MR image unexpectedly showed abnormal signal in large 
areas of bone surrounding the radiographic chondro- 
blastoma, as well as in the chondroblastoma itself. On both 
T1- and T2-weighted MR images, the radiographic chondro- 
blastoma showed a peripheral rim of marked decreased signal 
or signal void. Intermediate signal was observed within this 
peripheral rim. However in the surrounding bone, decreased 
signal was observed on the T1-weighted image and corre- 
sponding increased signal was observed on the T2-weighted 
image. This change is most consistent with marrow edema 
(Fig. 7). In one case, synovial fluid was imaged in the joint 
adjacent to the chondroblastoma. 

Pathologic material was available from all 214 lesions to 
confirm the diagnosis of chondroblastoma according to com- 
monly accepted histologic criteria. However, we have no 
pathologic material from bone outside the chondroblastoma 
in the adjacent epiphysis or metaphysis or from the region of 
periostitis. This is understandable because surgical treatment 
is usually limited to curettage of the chondroblastoma and 
does not include biopsy or resection of adjacent or surround- 
ing bone. Therefore, we have no pathologic explanation for 
the changes we observe outside the chondroblastoma itself— 
that is, the periosteal reaction, the increased uptake on bone 
scintigraphy, and the abnormal signal on MR images. 

Lesions centered in the epiphysis or epiphyseal region that 
were due to other causes and occurred in patients in the 
same age range as the patients with chondroblastoma also 
were examined for similar periosteal reactions. In our radio- 
logic archives, such epiphyseal lesions are exceedingly rare; 
only 30 cases were encountered—17 enchondromas (out of 
a total of 725 enchondromas), six bone cysts, four Brodie 
abscesses, two lesions categorized as “low-grade inflamma- 
tory” lesions, and one osteoblastoma. Not one of these le- 
sions was accompanied by periosteal reaction (Fig. 8). There- 
fore, the coexistent solid or layered periosteal reaction along 
the diametaphyseal shaft seems to distinguish the chondrob- 
lastoma from the other diverse epiphyseal lesions 
(Fig. 9). 
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Fig. 1.—Anteroposterior radiograph of 
knee of 18-year-old man shows chondroblas- 
toma in central posterior portion of proximal 
tibial epiphysis. Note solid, layered perios- 
teal reaction (arrow) observed along lateral 
diametaphyseal shaft of tibia distant from 
actual lesion. 


from actual lesion. 





Fig. 4.—Anteroposterior radiograph 
of humerus of 13-year-old boy shows 
aggressive chondroblastoma in epiph- 
ysis with extension into metaphysis: 
Note layered periosteal reaction (ar- 
row) along diametaphyseal shaft of hu- 
merus. 


Discussion 


Periosteal reaction accompanying chondroblastoma is far 
more common than previously recognized. Our series in- 
creases the percentage of patients with coexistent periosteal 
reaction in chondroblastoma beyond that suggested by John- 
son and Madewell (cited in [6]). We believe the accompanying 
periosteal reaction is frequently overlooked because it occurs 
distant from the lesion and because most chondroblastomas 
are considered too indolent to be capable of producing such 
a response. 


Fig. 2.—Small chondroblastoma (arrows) con- 
fined to proximal epiphyseal area of humerus in 
19-year-old man. Solid periosteal reaction (arrow- 
head) is noted along diametaphyseal shaft distant 





Fig. 5.—Anteroposterior radiograph of pelvis of 
9-year-old girl shows chondroblastoma in left fem- 
oral proximal epiphysis. Thick solid periosteal new 
bone (arrow) is noted along inner aspect of femoral 
neck. Joint space is widened. Juxtaarticular osteo- 
porosis is present. 
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Fig. 3.—Anteroposterior radiograph of knee of 
17-year-old man shows a lytic lesion in medial fem- 
oral condyle. Lesion is confined to epiphyseal area. 
Thick periosteal reaction (arrow) is observed along 
diametaphyseal area of femoral shaft distant from 
lesion. Diagnosis was chondroblastoma. 





Fig. 6.—Bone scintigram of both knees in patient 
with a chondroblastoma in tibial epiphysis. Note diffuse 
uptake of radionuclide in both epiphysis and meta- 
physis of involved tibia and in adjacent distal femur. 
This shows hyperemic response of structures surround- 
ing chondroblastoma. 


Unfortunately, the pathophysiology of this response re- 
mains a mystery. Braunstein et al. [6] suggested that the 
periosteal reaction was caused by mechanical stress on a 
weakened epiphysis. If this is so, one would logically antici- 
pate coexistence of a similar reaction in epiphyseally centered 
lesions of other causes. We have been unable to observe 
this, despite the diverse causes of 30 other epiphyseally 
centered lesions reviewed. 

Our collection of only 30 epiphyseally centered lesions 
outside of our 254 chondroblastomas is probably unique to 
our institution. However, epiphyseally centered lesions in 
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Fig. 7.—A, Anteroposterior radiograph of knee shows large chondroblastoma in central epiphysis extending into metaphysis of tibia. Solid periosteal 
response (arrows) is noted along diametaphyseal shaft. 

B and C, Corresponding T1-weighted, 600/20 (B), and T2-weighted, 2800/80 (C), coronal MR images show rim of signal void and intermediate signal 
within this rim, which corresponds to radiographic chondroblastoma. Epiphyseal and metaphyseal marrow outside and surrounding the chondroblastoma 
shows decreased signal on T1-weighted image and increased signal on T2-weighted image, consistent with marrow edema. 


A 





Fig. 8.—Epiphyseally centered lesions (ar- 
rows) of diverse causes other than chondroblas- 
tome occurring in patients in same age range as 
those with chondroblastoma. In all cases, there 
is noticeable absence of periosteal reaction. 

A. Enchondroma in 12-year-old girl (compare 
with Fig. 4). 

B. Bone cyst in 17-year-old man (compare 
with Fig. 2). 

C. Cystic osteomyelitis in 19-year-old man 
(compare with Fig. 1). 

D, Bone cyst in 19-year-old man (compare 
with Fig. 3). 

E, Osteoblastoma in 10-year-old girl (compare 
with Fig. 9). 
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Fig. 9.—Anteroposterior radiograph of knee 
of 15-year-old girl shows lucent lesion in medial 
condyle of femur. Note periosteal reaction (ar- 
row) along medial diametaphyseal shaft distant 
from lesion. Diagnosis is chondroblastoma. 


Fig. 10.—Angiogram of knee (lateral view) 
with chondroblastoma (same knee imaged in 
Fig. 7). Vascularity is increased not only to le- 
sion, but also in surrounding bone and synovium. 





patients in the same age range as the patients with chon- 
droblastoma may not be as frequent as commonly thought. 
For example, eosinophilic granuloma is routinely included in 
the differential diagnosis of epiphyseal lesions. In our radio- 
logic archive collection of 455 cases of eosinophilic granu- 
loma, not one was centered in the epiphysis. We can identify 
only nine cases of epiphyseally centered eosinophilic granu- 
loma in the literature; none of these revealed radiographic 
evidence of coexistent periosteal reaction [7-13]. Gardner 
and Azouz [13] recently reported the radiographic findings of 
15 solitary lucent epiphyseal lesions occurring in children. 
Only two of these lesions were chondroblastomas. The re- 
maining lesions were due to osteomyelitis, foreign body gran- 
uloma, chondromyxoid fibroma, enchondroma, osteoid os- 
teoma, and eosinophilic granuloma. Periosteal reaction was 
not described in any of the lesions and was not observed in 
any of the illustrated radiographs. The two chondroblastomas 
were not illustrated in the article. It appears that mechanical 
stress on a weakened epiphysis is not the cause of the 
periostitis unique to chondroblastoma. 

We need te return to the underlying pathophysiology of the 
chondroblastoma itself. The collective radiologic features that 
we observedesuggest an inflammatory response as the cause 
of the periostitis. Bone scintigraphy reveals diffuse activity 
beyond the chondroblastoma similar to that observed in in- 
flammatory lesions and aggressive neoplasms; it indicates 
increased bone blood flow and reaction outside the actual 
lesion [2]. Limited angiographic experience reveals hypervas- 
cularity of the bone and periosteum adjacent to the chon- 
droblastoma (Fig. 10) [2]. MR images show abnormal signal 
in the epiphysis and metaphysis beyond the radiographic 
chondroblastema. These signal changes are consistent with 
marrow edema. Plain radiographs of chondroblastomas also 
have revealed widening of the adjacent joint space, suggest- 
ing coexistent effusion. An MR image has shown a joint 
effusion. All these findings strongly suggest inflammation. 
However, if the periostitis is due to inflammation, then a similar 
periostitis shauld be observed in other epiphyseally centered 
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“inflammatory lesions.” We were unable to observe a similar 
periostitis either in our series or in the literature. Perhaps 
there is something unique to the “blastoma” cell [14], but our 
single epiphyseal osteoblastoma did not produce similar 
changes. This aspect needs further investigation. 

Is detection of the periosteal reaction of any clinical use? 
The radiographic differential diagnosis of a solitary lyzic lesion 
centered in the epiphysis or epiphyseal region in patients 
under 20 years of age is limited. Within this limited diferential 
diagnosis, it appears that the chondroblastoma produces a 
distinctive thick, solid periosteal reaction distant from the 
lesion itself, along the diametaphyseal shaft. Therefore, de- 
tection of such a periostitis may allow a radiographic diagnosis 
of chondroblastoma. 

lf a definitive diagnosis can be made radiographically, can 
treatment of chondroblastoma be modified? Huvos [3] cites 
cases of spontaneous healing and cure of chondroblastoma 
in the absence of curettage or resection. He describes a 
radiologic-pathologic evolution that probably occurs in the 
involuting chondroblastoma. As chondroblastomas are ob- 
served almost exclusively in young people, one can speculate 
that we do not encounter chondroblastomas in the older 
population because the undetected ones heal spontaneously. 

Recurrence of chondroblastoma after surgery is significant, 
approximating 25% in those curetted and grafted with bone 
chips and 60% in those curetted without further therapy [3]. 
The literature indicates that serious complications of chon- 
droblastoma occur almost exclusively in those that have been 
treated surgically [14-16]. These complications include ag- 
gressive growth [17], soft-tissue involvement [18], synovial 
membrane and articular implants [19, 20], invasion of adjacent 
bones [21, 22], and metastases [16, 23-25]. Only one case 
has been reported in the literature with local soft-tissue inva- 
sion before surgical intervention [26]. In our series of 254 
chondroblastomas, only two were noted to increase in size 
without intervening surgery. One of these cases wes also 
reported in the literature as metastasizing before any surgical 
manipulation of the primary tumor [27]. All other serious 
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complications such as those enumerated above occurred in 
those chondroblastomas that had undergone some prior sur- 
gery. 

Knowing the potential complications of surgery and recog- 
nizing the possibility of spontaneous involution, would it ever 
be in the patient’s best interest to observe the chondroblas- 
toma Clinically and radiographically, rather than immediately 
performing surgery? Perhaps the asymptomatic chondroblas- 
toma would be the lesion for close observation, rather than 
surgical intervention. If so, then the radiologist may play a 
primary role in making the definitive diagnosis. Therefore, the 
radiologist must make a diligent search for a solid periostitis, 
single or layered, along the diametaphyseal shaft distant from 
any lucent lesion centered in the epiphysis. 
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CT Findings of Degenerative Arthritis of the 


Atlantoodontoid Joint 


Beverly M. Genez,'* John J. Willis,? Charles E. Lowrey,* William C. Lauerman,* William Woodruff,’ 


Michael J. Diaz,’ and Jay B. Higgs® 


Degenerative arthritis (osteoarthritis) is the most common 
joint disease. Its effects on the axial skeleton, including the 
histology, pathophysiology, and radiographic manifestations, 
are well known [1]. However, the radiographic findings of 


degenerative arthritis in the atlantoodontoid or mecian atlan- 
toaxial joint have been described only briefly [1-3], even 
though osteoarthritis involving this joint occurs frequently [3, 
4]. The purpose of this essay is to illustrate the CT findings 





A > B 


Fig. 1.—Normal atlantoodontoid joint. 


C 


A, Lateral radiograph shows normal width of joint space and absence of osteophytes. Small densities above and below anterior arch of atlas (arrows) 


probably represent superimposed lateral masses. 
B, CT scan with sagittal reconstruction shows no bony excrescences. 


C, Axial sliee shows no cysts, internal ossicles, osteophytes of median facet, or ligament calcification. 
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C 


Fig. 2.—66-year-old woman with multiple findings of atlantoodontoid osteoarthritis. CT confirmed findings on lateral radiographs and showed additional 
findings. 

A, Lateral radiograph shows sclerosis of atlantoodontoid joint; large osteophytes project from inferior and superior aspects of atlas (white arrows). 
There is a small osteophyte from odontoid apex (black arrow). 

B, Sagittal reconstruction of axial CT scan confirms presence of osteophytes. 

C, Axial CT scan shows obliteration of joint space and osteophyte of median facet of atlas (arrow). 


F a 


Fig. 3.—58-year-old man with multiple find- 
ings of atlantoodontoid arthritis. CT confirms os- 
teophytes seen on lateral radiograph and also 
shows cyst, ossicle, and median facet osteo- 
phyte. 

A, Lateral radiograph shows osteophytes 
from inferior and superior aspects of atlas (white 
arrows). Odontoid apex also has an osteophyte 
(black arrow). 

B, Sagittal reconstruction of CT scan shows 
atlas osteophytes (straight arrows), as well as 
odontoid apex osteophyte (curved arrow). 

C, Axial CT scan shows osteophyte of median 
facet (arrow). 

D, More inferiorly, small ossicle is behind an- 
terior arch of atlas (white arrow); a cyst is seen 
in odontoid (black arrow). 
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Fig. 4.—68-year-old woman with multiple find- 
ings. CT showed atlas osteophytes encompass- 
ing odontoid osteophyte. 

A, Laterabradiograph shows osteophytes of 
superior and inferior aspects of atlas (straight 
arrows) and of odontoid apex (curved arrow). 
Joint space appears narrow. 

B, Sagittabreconstruction of CT scan confirms 
atlas osteophytes (straight solid arrows) and 
odontoid osteophyte (open arrow). Motion arti- 
fact obscures lower aspect of clivus (curved 
arrow). 

C, Axial CT scan at level of occipital condyles 
shows osteophytes from anterior arch of atlas 
projecting areund osteophyte of odontoid tip (ar- 
rows). 

D, More inferior CT scan shows osteophytes 
still project around odontoid (arrows). 


C 


in this condition. CT provides an excellent means of deline- 
ating bony changes in this complex joint, situated within the 
ring of the atlas, in proximity to multiple structures of the skull 
base and face. Thin-section axial CT scans eliminate overlying 
structures and permit reconstruction in any plane. The normal 
atlantoodontoid joint is illustrated in Figure 1. 


Materials and Methods 


Thirty-five patients were evaluated for pain, limited motion, occipital 
headache, orother problems involving the neck. Cervical spine radio- 
graphs were obtained in all patients; all showed abnormalities of the 
atlantoodonteid joint. Radiographs were available for 30 of these 
patients. Thesmean age of the patients was 63 years; there were 17 
men and 18 women. None were being treated for inflammatory 
arthritis. 

CT of the craniovertebral junction was performed with a Philips 
Tomoscan 60/TX unit (Philips, Shelton, CT) with 2-mm collimation, 
120 kVp, and 300 mA. Sagittal reconstructions were performed for 
most patients. 


Results 


The following abnormalities were identified on CT: osteo- 
phytes from the anterior arch of the atlas, either superior or 
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inferior (Figs. 2-4); osteophytes of the median facet of the 
atlas (Figs. 2-4, 5A and 5C) and odontoid apex (Figs. 2-4); 
small ossicles within or adjacent to the atlantoodontoid joint 
(Figs. 3, 5A and 5B); cysts (Figs. 3 and 5B-5D); and calcifi- 
cation of the transverse ligament (Figs. 5C and 5D). 

The most common abnormality was a small bony excres- 
cence or osteophyte projecting from the odontoid apex, found 
in 28 (80%) of 35 patients. The next most common findings 
were similar excrescences from the superior aspect of the 
anterior arch of the atlas in 24 (69%) and from the median 
facet of the atlas with the odontoid in 20 (57%). Smal! ossicles 
not attached to either bone were found in 12 patients (34%), 
and cystic radiolucencies within the odontoid process were 
found in 11 patients (31%). Four patients (11%) had trans- 
verse ligament calcification; six (17%) had osteophytes from 
the inferior aspect of the anterior arch of the atlas. Four 
patients (11%) showed obliteration of the atlantoodontoid 
joint on at least one axial slice. 


Discussion 


Osteoarthritis of the atlantoodontoid joint is common. In an 
analysis of 126 vertebral columns, Shore [4] found osteo- 
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phytes of the anterior arch of the atlas, the odontoid, or the 
median facet of the atlas in 32% of specimens. The age at 
death of these specimens is unknown. In a study of 125 
cases dating back to 1942, Von Torklus and Gehle [3] found 
that osteoarthritis of the atlantoodontoid joint was in 36% of 
patients 41-50 years old and in 88% of patients over 60. 
Harata et al. [2] noted changes from atlantoodontoid joint 
osteoarthritis on radiographs in 88% of a selected group of 
31 patients with atlantoaxial lateral facet arthrosis. Their 
histologic examination of a cadaver specimen showed carti- 
lage thinning, fibrillation, and ossification. 

Abnormalities seen only on CT include osteophytes of the 
median facet of the atlas, cysts, small ossicles, and transverse 
ligament calcification. These findings are best seen on thin- 
section axial slices, magnified two times. They are similar to 
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Fig. 5.—Examples of patients in whom CT 
scans showed abnormalities not seen radio- 
graphically. 

A, 56-year-old woman with osteophytes of 
median facet (straight arrows) and small ossicle 
(curved arrow). 

B, 54-year-old man with small ossicle (white 
arrow) and odontoid cyst (black arrow). 

C, 48-year-old woman with median facet os- 
teophyte on right (curved arrow), odontoid cysts 
(black arrows), and transverse ligament calcifi- 
cation (straight white arrows). 

D, 73-year-old man with transverse ligament 
calcification (arrow), odontoid cysts, and oblit- 
erated atlantoodontoid joint. 


those seen in other joints affected by osteoarthritis, with the 
exception of ligament calcification (found in four of 35 pa- 
tients), which is not a prominent finding in degenerative ar- 
thritis elsewhere. 
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Expert Advice 


Diagnostic Imaging of the Temporomandibular Joint: 
Recommendations for Use of the Various Techniques 


Clyde A. Helms’ and Phoebe Kaplan’ 


Several imaging techniques have been used to diagnose 
internal derangements of the temporomandibular joint (TMJ) 
in the past 10 years, with much confusion as to which is most 
useful. We reviewed the strengths and limitations of conven- 
tional radiography, arthrography, CT, and MR imaging for 
diagnosing internal derangements of the TMJ and examined 
how they are used in our practices. 


Indications for Imaging the TMJ 


The indications for an imaging study of the TMJ are the 
same for MR, CT, and arthrography; only those for a plain 
film study differ. In general, an examination is warranted (1) 
when the diagnosis of an internal derangement is in doubt 
and must be established before therapy can be instituted; (2) 
if the diagnesis is not in doubt but confirmation or documen- 
tation is required, such as for third-party payers and in medi- 
colegal cases; (3) preoperatively for disk surgery; and (4) 
when therapy for a presumed internal derangement has failed 
and doubt about the diagnosis arises. Note that this set of 
indications excludes many patients with clicking, painful joints 
who will have conservative treatment. We believe it is impor- 
tant to emphasize that not every patient with an internal 
derangement needs to have an imaging study. 

An internal derangement of the TMJ is basically an ante- 
riorly displaced disk. Although joint dynamics, capsular tears, 
adhesions, and disk perforations also can be imaged, they 
are usually incidental findings that are not treated differently 
from the accompanying displaced disk. 
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Only when it is decided that an imaging study should be 
performed is it necessary to decide which type of study is 
appropriate. Choosing the type of study that is appropriate 
will depend on what is available and what information the 
referring clinician desires. Each imaging technique has its 
strengths and weaknesses (Table 1); however, in most cases 
the only information required is the disk position. 


Conventional Radiography 


Conventional radiography of the TMJ includes primarily 
transcranial lateral films and cephalometric corrected tomog- 
raphy. Panorex filming also is used occasionally. All these 
procedures show only the bony structures of the TMJ and 
reveal virtually nothing about the soft tissues, namely, the 
disk. Several studies have shown that plain films, including 
tomograms, do not give any information about the position or 
status of the disk [1, 2]. 


TABLE 1: Capabilities of Imaging Techniques in the Evaluation 
of the Temporomandibular Joint 





Characteristic eale Arthrography CT MR 
Disk position No Yes Yes Yes 
Disk perforation No Yes No No 
Disk dynamics No Yes No No 
Disk shape No No No Yes 
Bony changes Yes Yes Yes Yes 





' Departmenteof Radiology, University of California, San Francisco, Medical Center, San Francisco, CA 94143. Address reprint requests to C. A. Helms. 
* Departmentsof Radiology, University of Nebraska Medical Center, Omaha, NE 68105. 


AJR 154:319-322, February 1990 0361-803X/90/1542-0319 © American Roentgen Ray Society 


320 HELMS AND KAPLAN 


One reason to perform plain radiography in patients sus- 
pected of having an internal derangement is that it can be 
used to detect other abnormalities such as inflammatory 
arthritis, congenital abnormalities, old posttraumatic deformi- 
ties, tumors, and infection, any of which could mimic an 
internal derangement. Also, plain films can be used to deter- 
mine the position of the condyle in the glenoid fossa before 
treatment so that subsequent change can be documented. 


Arthrography 


Arthrography of the TMJ has been a primary procedure for 
the diagnosis of internal derangements for the past 10 years 
[3, 4]. Only with the emergence of CT and, more recently, 
MR imaging has its use diminished. 

Arthrography allows accurate determination of the position 
of the disk and can show joint dynamics. Perforation of the 
disk can be diagnosed, but false positives have been reported 
to occur in as many as 20% of cases [5]. If assessment of 
disk dynamics and the diagnosis of a perforation are neces- 
sary in the evaluation of the patient, arthrography is the 
diagnostic study of choice. No other imaging study currently 
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available will show these elements. However, if it is not 
mandatory to see the joint dynamics or diagnose a perfora- 
tion, arthrography can be replaced with CT or MR imaging. 

An arthrographic study is invasive and can be painful, 
although less pain has been reported with use of low-osmolar 
contrast agents [6]. The radiation dose received in an arthro- 
gram is not excessive [7], but is dependent on the experience 
of the radiologist. Decreased time of examination, and hence 
decreased radiation exposure, comes with experience. 

Although the TMJ has two noncontiguous joint spaces, an 
upper and a lower, most radiologists inject the lower joint 
exclusively, whereas a few prefer to inject both the lower and 
upper joints. No increased accuracy has been reported with 
injection of both joints; thus, the time, radiation, and patient 
morbidity increase with no increased return. 

An anteriorly displaced disk is diagnosed when a mass 
effect is seen on the anterior recess of the lower joint (Fig. 1). 
This can be seen in the open- or closed-mouth positions in a 
patient who has a disk that does not reduce (return to normal 
position) with mouth opening; however, if the disk reduces 
with mouth opening, the arthrogram will appear normal except 
in the closed-mouth position and just before the click. 


Fig. 1.—A, Normal arthrogram. Lateral spot film 
with contrast material in lower joint space shows 
normal-appearing anterior recess (arrow) with no 
evidence ef mass impression that would indicate 
displaced disk. 

B, Arthrogram of anteriorly displaced disk. Lat- 
eral spot film with contrast material in lower joint 
space shows mass effect on superior aspect of 
anterior recess (arrow), which is diagnostic of 
anteriorly displaced disk. 


Fig. 2.—A and B, Normal CT scans. Sagittally 
reformatted image (B) through left condyle (C) 
shows ne increased soft-tissue density anterior to 
condyle. Soft tissue anterior to condyle has CT 
attenuation values equal to those of surrounding 
muscles. Plane of reformatted image is shown by 
white cursor through condyle seen on axial image 
(A). (Anterior is to left in B.) 

C, Anteriorly displaced disk. Sagittally refor- 
matted image shows increased soft-tissue density 
anterior to condyle (arrow); this is diagnostic for 
anteriorly displaced disk. (Anterior is to left.) 
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A unilateral arthrogram is obtained in most patients, even 
if the symptoms are bilateral. If bilateral surgery is planned it 
is reasonable to obtain bilateral arthrograms. Up to 80% of 
patients with a displaced disk will have bilateral displaced 
disks; however, this does not mean both joints need to be 
imaged. Almost any therapy directed toward one joint will 
affect the opposite one as well. 

Arthrography has been abandoned in many institutions in 
favor of CT or MR imaging; this is certainly justifiable when 
the diagnostic accuracy of the arthrogram is compared with 
that of the less invasive studies [8]. 


CT 


CT has been shown by many investigators to be an accu- 
rate method of diagnosing displaced disks [9-11]. It requires 
some technical expertise depending on whether the axial or 
direct sagittal technique is used, but both methods are highly 
accurate and easily learned. CT scanners are widely available 
throughout the world, thus, availability usually is not an issue. 
No morbidity is associated with CT scanning of the TMJ, and 
the radiation dose is relatively low. Certainly the radiation 
dose to the critical radiosensitive organs of the head and 
neck, the lens of the eye and the thyroid gland, is less with 
CT than with arthrography, unless a CT slice is inadvertently 
obtained directly through the lens of the eye. This is easily 
done with the direct sagittal technique, but can be avoided if 
attention to the proper technique is stringent. 

The axial technique requires that thin-section scans (15 to 
20 slices at 1.5-mm thicknesses) be acquired through the 
joints in an axial direction. Sagittal reformations are then done 
at 2-mm intervals through each condylar head. By using the 





Fig. 3.—Sagittal T1-weighted MR images of normal temporomandibular joint in closed- and open- 


mouth positions. 


A, Closed-mouth position shows disk in its normal position with posterior band (arrow) just 
superior to apex of condyle. Thin intermediate zone of disk and anterior band are difficult to visualize 
on this closed-mouth view because of adjacent low-signal bony structures. (Anterior is to left.) 

B, Open-meuth position shows how disk can be identified more readily when condyle is removed 
from glenoid fossa. Partial open-mouth position allows better evaluation of disk morphology and its 
state of hydration. Note intermediate signal visible in posterior band (arrow), which is indicative of 


normal hydration. 
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identity mode to ascertain differences in tissue density, the 
area anterior to the condyle is examined. If that area is of 
muscle density, it is a normally positioned disk, whereas if 
that area has a density greater than that of muscle it repre- 
sents an anteriorly displaced disk (Fig. 2). 

The direct sagittal technique requires that the petient con- 
tort the head sideways to fit into the CT aperture to allow 
sagittal slices through each condyle. The patient has to be 
placed perpendicular to the CT bed and must change sides if 
bilateral imaging is performed. Up to 10% of patierts cannot 
be imaged in this fashion because they cannot fit in the 
scanner properly. The identity mode is used to localize the 
disk as in the axial technique. 

CT depicts bony disease far better than conventional ra- 
diography does, but the information obtained is usually not 
important enough to warrant a CT examination instead of 
plain films. As mentioned previously, CT cannot show joint 
dynamics or diagnose a perforation. In summary, CT is ex- 
cellent for showing disk position and bony detail. It is approx- 
imately twice as expensive as arthrography. 


MR Imaging 


MR imaging is extremely useful in imaging internal derange- 
ments. It has been used to diagnose disk displacement with 
great accuracy [12, 13]. Because of the ability of MR imaging 
to image hydrogen protons, information about the state of 
disk hydration possibly can be ascertained and used to clas- 
sify the degree of disk abnormality [14, 15]. Evaluating disk 
hydration is routinely done in imaging the lumbar spine and 
may be useful in imaging the TMJ. 





Fig. 4.—MR image of anteriorly dispiaced disk. 
Sagittal T1-weighted image with patiert in partial 
open-mouth position shows obvious anteriorly dis- 
placed disk, which is minimally folded at thin in- 
termediate zone (arrow). Note that disk is not of 
uniformly low signal but has some intermediate 
signal, best seen in posterior band. This disk has 
a normal shape and a normal amount of signal, 
both of which are typical of an acute problem. This 
patient had jaw trauma several weeks before this 
study. 
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Newer hardware and software innovations have improved 
image quality dramatically in the past few years, giving in- 
creased resolution and better overall images of small anatomic 
areas such as the TMJ. The disk can be imaged directly with 
great clarity, as can bony anatomy. Disk morphology can be 
appreciated, and deformed or macerated disks can be iden- 
tified readily in order to determine the severity of the internal 
derangement [14, 15]. 

Small 3-5 in. (7.6-12.7 cm) surface coils are necessary for 
optimal MR imaging of the TMJ. Thin slices (3 mm) in a 
Sagittal plane that are T1 weighted are sufficient for a com- 
plete study and can be acquired rapidly. Although it has been 
recommended that a coronal sequence be obtained so as not 
to miss a displaced disk in the far medial region [16], this is 
not warranted routinely as it is extremely rare that the disk 
would not be seen on the sagittal images. In over a thousand 
examinations, we have yet to see this occur. 

Some disagreement exists as to which mouth positions 
should be imaged. Most recommend imaging in a closed- 
mouth and a full open-mouth position. Imaging in a full open- 
mouth position will tell if the disk has reduced or not. As this 
is easily determined clinically, many have stopped imaging in 
a full open-mouth position. Also, disk reduction can vary from 
day to day in many patients; hence, what is documented with 
MR on one day may be different a week later. Finally, it can 
be very uncomfortable for patients to maintain a full open- 
mouth position as that is usually their chief complaint. This 
can lead to muscle spasms and motion that ultimately renders 
the images nondiagnostic. 

In the closed-mouth position, the low-signal disk can be 
difficult to identify, particularly if it is not displaced, because 
it is tightly interposed between the low-signal cortex of the 
fossa and condyle (Fig. 3A). To alleviate this, an image is 
obtained with the patient in a partial open-mouth position. 
This allows the disk and condyle to be slightly removed from 
the glenoid fossa, making identification and evaluation of the 
disk shape and signal characteristics simpler (Fig. 3B). This 
position alone is not sufficient, however, because the risk of 
the disk reducing in a partial open-mouth position is too great; 
this would give a false-negative reading. The closed-mouth 
position will be diagnostic for disk position, whereas the partial 
open-mouth position will be helpful in identifying disk size, 
shape, and signal characteristics (Fig. 4). 

MR imaging uses no radiation and there are no harmful 
biologic effects to the patient. If streamlined imaging protocols 
are adhered to, the study can be performed rapidly and at a 
cost similar to that of CT. Availability of a magnet is not a 
problem in major metropolitan areas, but can be a problem in 
more remote areas. 

The main problem with MR imaging seems to be the 
difficulty of obtaining high-quality images. To image the TMJ 
properly it takes some operator skill and experience, as well 
as the latest technical advances, such as surface coils. Too 
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often these are lacking and the resulting images are non- 
diagnostic. Other than that, there is almost no reason that 
MR imaging should not replace arthrography and CT for 
imaging internal derangements of the TMJ. 

In summary, MR imaging seems to be the clear choice in 
imaging the TMJ for internal derangements. In the future, it 
should offer much more information than just disk position; 
for example, it should be able to determine disk morphology 
and hydration. The quality of MR imaging studies will continue 
to improve and the cost should continue to decrease. If 
perforations or joint dynamics are sought, an arthrogram must 
be obtained. 
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Masses of the Hand and Wrist: 
Detection and Characterization 
with MR Imaging 





To assess the value of MR imaging in the detection, delineation, and characterization 
of mass lesions of the hand and wrist, we reviewed the MR imaging findings of 38 
patients referred for evaluation of such lesions. Twenty-five patients had a palpable 
mass. In an additional 13 patients an occult mass lesion was suspected as the cause of 
distal ulnar neuropathy. Twenty-two mass lesions (16 benign and six malignant) were 
detected by MR. All were correctly predicted to be benign or malignant. In nine (56%) 
of the 16 benign mass lesions, the specific diagnosis was suggested. In the remaining 
seven benign mass lesions and in the six malignant tumors, the MR findings were not 
specific enough to permit a diagnosis. Of the 14 patients referred for evaluation of a 
distal ulnar neuropathy, an occult ganglionic cyst compressing the ulnar nerve was 
revealed with MR imaging in three. 

MR imaging of the hand and wrist is accurate in the detection of mass lesions and 
can correctly distinguish benign from malignant tumors in the majority of cases. Specific 
diagnoses can be made in certain benign lesions. Occult mass lesions can be confirmed 
or excluded as the cause of distal ulnar neuropathy with MR imaging. 
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Excellent soft-tissue contrast and multiple imaging planes make MR imaging an 
attractive technique for the diagnosis and evaluation of tumors of the hand and 
wrist. Several small series of such tumors studied with MR imaging have been 
reported [1-4]. We describe our results in a large group of patients in whom mass 
lesions of the hand and wrist were evaluated with MR imaging. 


Materials and Methods 


Between September 1985 and December 1987, 151 MR examinations of the hand and 
wrist were performed in 131 patients. The clinical data, imaging studies, and pathologic 
findings in these patients were reviewed. Twenty-five of the 131 patients had a mass palpable 
at physical examination; in 13 others an occult mass was suspected as the cause of a distal 
ulnar neuropathy. This subgroup comprised 20 females and 18 males 11-75 years cld. 

All examinations were obtained at 1.5 T with a General Electric Signa MR imaging system 
(Milwaukee, WI). The technique of the examinations varied. Thirty-six patients had double 
spin-echo imaging, 2000/30, 60 or 2000/40, 80 (TR/TE), in the axial plane. High-spatial- 
resolution examinations were done by using a small local coil or extremity volume coil, limited 
field of view (8 or 12 cm’), 256 x 256 matrix, and one or two acquisitions. The slice thickness 
usually was 5 mm. A sagittal and/or coronal partial-saturation sequence was obtained as 
needec. Scans were interpreted with knowledge of the clinical findings or the results of other 
diagnostic studies (plain films, bone scans, arthrograms, or previous MR images). 

Because the authors were familiar with most cases at the time of review, a truly blinded 
retrospective evaluation was not possible. Instead, review of the scans was undertaken to 
assess the ability of MR imaging to detect, delineate, and characterize the mass lesions. 
Detection refers to recognition of a mass lesion as being present. Delineation refers to defining 
the anatomic extent of the mass and was based on involvement or lack of involvement of 
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important neurovascular structures. Characterization refers to defin- 
ing a tumor as being benign or malignant on the basis of signal 
characteristics, as well as tumor margination and the presence or 
absence of surrounding edema, hemorrhage, or invasion. Character- 
ization also refers to the determination of a specific diagnosis. 

Table 1 lists the mass lesions detected with MR imaging in the 38 
patients in the study group. 


Results 
Benign Masses 


All 16 benign masses were detected retrospectively with 
MR imaging. The correct diagnosis was suggested on MR 
images in nine (56%) of these 16 tumors, including six gan- 
glionic cysts. All of the ganglionic cysts were well marginated 
and had no surrounding edema, hemorrhage, or invasion. The 
signal characteristics were isointense to slightly hyperintense 
when compared with muscle on short TR/short TE scans (T1- 
weighted) and markedly hyperintense on long TR/long TE 
scans (T2-weighted). The signal intensity was homogeneous. 
Two ganglionic cysts were not detected before surgery: one 


TABLE 1: Mass Lesions of the Hand and Wrist Detected with 
MR Imaging 





Lesion No. 
Benign 
Ganglionic cyst 6° 
Lipoma 1 
Giant cell tumor, tendon origin = 
Hypertrophic palmaris longus muscle 1 
Bone lesion 3° 
Other 3 
Malignant 
Epithelial sarcoma a 
Clear cell sarcoma T 
Leiomyosarcoma uig 
Synovial sarcoma th 
Rhabdomyosarcoma ha 





* Surgically confirmed. 


AJR:154, February 1990 


was mistaken for a joint effusion (Fig. 1); the other was 
obscured by subcutaneous fat when imaged with a local coil 
(Fig. 2A) but was well demonstrated 5 weeks later when 
imaged with a volume coil (Fig. 2B). The MR appearances of 
a lipoma (Fig. 3) and a hypertrophic palmaris longus muscle 
simulating a mass lesion were thought to be characteristic 
enough that biopsies were unnecessary. In a single case of 
giant cell tumor of the tendon, the diagnosis was suggested 
on the basis of MR findings. Areas of relative T2 shortening 
(Fig. 4) were believed to be suggestive of the paramagnetic 
effects of hemosiderin. A fibroma or hemorrhagic cyst was 
considered in the differential diagnosis of this tumor as well. 
Pathologic findings confirmed a giant cell tumor of the tendon 
with hemosiderin present. In no case was a benign tumor 
predicted to be malignant on the basis of the MR findings. 


Malignant Tumors 


All six malignant tumors were detected with MR imaging. 
Five of the six malignant tumors had features typical for 
malignancy including inhomogeneous signal intensity, which 
increased with T2 weighting. Because of the superior contrast 
resolution of MR imaging, these malignant tumors were quite 
conspicuous. However, the margins of these lesions were 
less well defined than were those of benign masses. There 
was increased signal in adjacent soft tissue on T2-weighted 
scans in two (33%) of six malignant tumors. There was 
marked distortion of tissue planes and encasement of tendons 
in one (17%) of six (Fig. 5). Only the synovial sarcoma (Fig. 
6) did not exhibit at least one of these malignant features. It 
was characterized as malignant in light of clinical findings and 
size. 


Distal Ulnar Neuropathy 


In 14 patients MR scans were obtained for the evaluation 
of distal ulnar neuropathy. In 13 patients, no mass was 
palpable. In four patients MR revealed a mass lesion com- 





A 


Fig. 2.—A, MR image (2000/60). Ganglionic cyst in subcutaneous fat (arrows) was mistaken for 
superficial vein. Local coil technique results in high signal intensity of subcutaneous fat (fat burnout) 
adjacent to volar-placed coil. This obscures ganglionic cyst. 

B, 5 weeks later, lesion was clinically palpable. MR image (2000/60) shows tumor to have enlarged 
(arrows). Volume coil technique results in more uniform intensity and lesion is easily detected. 


Fig. 1.—MR image (2000/60). Ganglionic cyst 
arising from scapholunate ligament dorsally (ar- 
rows) was mistaken as joint effusion. Cyst meas- 
ured 1.5 x 1.3 x 0.5 cm at surgery. 
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Fig. 3.—MR image shows mass with smooth 
lobulated margins, internal separations, and high 
signal intensity on T1-weighted sequence (700/ 
20). Appearance is characteristic of lipoma. 


Fig. 4.—MR image (2000/60) shows globular 
soft-tissue mass at level of distal ulna with inho- 
mogeneous signal intensity and lower than ex- 
pected signal intensity with T2 weighting (arrows). 
Findings aressuggestive of pigmented villonodular 
synovitis. At-surgery a giant cell tumor of tendon 
was excised. 


Fig. 5.—MR image (2000/80) shows large mass 
with relatively poorly defined margins engulfing 
tendon of flexor pollicis longus (arrow). Inhomo- 
geneous signal intensity increased with T2 weight- 
ing. Note bicpsy defect inferiorly with surrounding 
hemorrhage. Features are typical of malignant tu- 
mor. Surgical resection showed alveolar rhabdo- 
myosarcoma. 


Fig. 6.—MR image (2000/60) shows large, 
rather homogeneous mass with well-defined mar- 
gins and hypointensity with T2 weighting. Findings 
are not typical of malignant neoplasm. Surgical 
specimen revealed synovial sarcoma. 


5 


pressing the ulnar nerve. There were three nonpalpable gan- 
glionic cysts at the level of Guyon canal (Fig. 7) and one 
palpable giant cell tumor of the tendon sheath at the distal 
radioulnar joint (Fig. 4). No mass was identified in the remain- 
ing 10 patients. Surgical exploration in five of these patients 
confirmed no mass lesion involving the distal ulnar nerve. In 
three other patients symptoms resolved. In two patients 
symptoms remain unexplained. 


Discussion 


The earliest musculoskeletal images obtained with MR 
were of the:shand and wrist [5]. The potential for MR imaging 
in the detection, delineation, and characterization of mass 
lesions was recognized early [1, 6, 7]. High-resolution images 
were made achievable with the development of local coils and 
improved seftware. By 1986, the highly detailed anatomy of 
the wrist could be imaged, and several groups presented the 
normal anatomy of the wrist using high-spatial-resolution 
techniques |3, 4, 8, 9]. 

MR imaging has been shown to be accurate in the detection 
of soft-tissue lesions [10, 11]. In our series, all 22 tumors of 
the hand and wrist were detected on the basis of the MR 
appearance. Only two lesions were not identified prospec- 
tively. Both were small ganglionic cysts. One 4-mm cyst was 
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initially overlooked; the second cyst was mistaken for joint 
effusion. No malignant tumor was missed prospectively. All 
lesions resulting in ulnar neuropathy at the wrist were de- 
tected; none were missed on the basis of surgical (n = 5) or 
clinical (n = 5) follow-up. 

MR imaging has been shown to provide accurate informa- 
tion regarding the extent of the soft-tissue lesions [10-15]. In 
no case in our series was the tumor extent at surgery found 
to be beyond that shown by MR imaging. Accurate assess- 
ment of neurovascular involvement, tendon encasement, and 
tumor extent is useful before surgical excision. This has been 
particularly helpful in the planning of surgical treatment of 
soft-tissue malignant neoplasms and vascular malformations. 

Characterization of benign masses was good with MR 
imaging. Benign masses were well marginated, did not invade 
or encase neurovascular or tendinous structures, and had 
rather uniform signal intensity. There was little or no surround- 
ing tissue reaction. Specific diagnoses were suggested in 
cases of ganglionic cysts, lipoma, hypertrophic palmaris lon- 
gus muscle, and giant cell tumor of tendon. Giant cell tumors 
of tendon represent localized extraarticular pigmented villo- 
nodular synovitis. Kransdorf et al. [16] found the MR imaging 
appearance of pigmented villonodular synovitis to be charac- 
teristic enough to allow the correct preoperative diagnosis in 
six of eight cases. Similar results were reported by Jelinek et 





al. [17]. Areas of decreased or absent signal on T1- and T2- 
weighted images caused by hemosiderin deposition are key 
findings in the preoperative diagnosis. The three bone tumors 
(fibrous dysplasia, osteoid osteoma, and giant cell tumor of 
the distal radius) were better characterized with plain films 
than with MR images. 

The ability to distinguish benign from malignant lesions with 
MR imaging has been investigated [10, 11, 16, 18]. Analysis 
of signal homogeneity and intensity and tumor margination 
have been the standard features used for histologic charac- 
terization. Neurovascular invasion, extension beyond one 
muscle group, and bone destruction have also been used to 
identify malignant tumors. No single parameter or set of 
parameters has been found to accurately distinguish benign 
from malignant lesions in all cases. Recently, Kransdorf et al. 
[16] analyzed 112 soft-tissue tumors. On the basis of the 
parameters discussed above, they found “no reliable criteria 
to distinguish the MR images of malignant from benign soft- 
tissue tumors or tumorlike masses.” In our study, all 22 
tumors or tumorlike masses were correctly identified as be- 
nign or malignant at the time of the initial interpretation. Our 
study differed from that of Kransdorf et al. in several ways. 
Our series was smaller and limited to masses of the hand and 
wrist. We based our final diagnostic impression on the param- 
eters of signal homogeneity and intensity, margination, and 
soft-tissue invasion or reaction, as well as knowledge of 
Clinical findings. In addition, our series had a relatively large 
number of benign lesions that had distinctive MR features 
(ganglionic cyst, lipoma, giant cell tumor of tendon) or plain- 
film findings (fibrous dysplasia, osteoid osteoma, and giant 
cell tumor of bone). The favorable distribution of lesions may 
be related to the fact that our series was limited to the hand 
and wrist. Of the six malignant tumors in our series, only the 
synovial sarcoma failed to demonstrate any MR features that 
would suggest malignancy. Histologic examination of this 
tumor did not reveal fibrosis, hypocellularity, or hemosiderin 
deposition, which might have accounted for T2 shortening 
[19]. The cause of its atypical MR imaging appearance is 
unclear, but has been described in other synovial sarcomas 
[16]. 

Despite the limitations of our study, we are encouraged 
with the usefulness of MR imaging of soft-tissue masses. It 
is accurate in the detection and delineation of mass lesions. 
The distinction between benign and malignant lesions often 
can be predicted with MR imaging. 


Fig. 7.—A, Anatomic drawing shows ulnar ar- 
tery and nerve within Guyon canal (arrow). 

B, MR image (2000/80) shows ganglionic cyst 
(arrow) displacing ulnar nerve and artery (arrow- 
head). Patient had severe ulnar neuropathy for 18 
months with muscle wasting, but no mass was 
palpable. Surgical exploration confirmed gangli- 
onic cyst arising off pisohamate ligament and com- 
pressing motor branch of ulnar nerve. 

(Reprinted with permission from Binkovitz et al. 


[4].) 
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scintigraphic Findings in Patients 
with Shoulder Pain Caused by 
Interleukin-2 





Interleukin-2 is receiving widespread interest as an immunotherapeutic agent in the 
treatment of certain cancers. Severe arthralgias recently have been reported as a 
significant side effect, and the cause of pain is unknown. Because interleukin-2 is an 
immune modulator, we reviewed the *°™Tc-methylene diphosphonate scintigrams in nine 
patients who had developed shoulder arthralgias while receiving interleukin-2 for met- 
astatic melanoma. In eight of the patients, the scintigrams showed diffuse increased 
uptake of radionuclide in the shoulders. Four patients had radiographs of their shoulders, 
all of which were normal. 

Bone scintigraphy in patients receiving interleukin-2 as immunotherapy for metastatic 
melanoma shows increased radionuclide activity in the shoulders. This process may 
relate to the role of interleukin-2 as a mediator in the inflammatory response. 


AJR 154:327-330, February 1990 


The interleukins are polypeptides that are thought to regulate immune and 
inflammatory responses [1]. Several phase 1 clinical trials have shown promising 
results with interleukin-2, specifically for treatment of metastatic melaroma and 
renal cell carcinoma [2-6]. Dose-limiting toxic effects associated with the low-dose 
interleukin-2 regimens include arthralgias affecting the shoulders and other large 
appendicular joints [5, 6]. We reviewed the scintigrams and radiographs in patients 
with arthralgias induced by interleukin-2 in order to evaluate the findings of drug- 
induced synovitis. To our knowledge, these findings have not been described 
before. 


Subjects and Methods 


Nne patients who had bone scintigrams obtained both before and during therapy with 
interleukin-2 were included in the study. All had biopsy-confirmed metastatic melanoma and 
had signed informed consent forms according to our institutional guidelines. There were six 
men and three women; the age range was 34-60 years. None of these patients had had 
arthralgias or arthritis before treatment. Repetitive 28-day treatment cycles were used as 
long as the patient continued to respond and severe toxic reactions did not develop (the 
range was 3-12 treatment courses). Dacarbazine was administered on day 1 of each cycle 
and recombinant interleukin-2 (Cetus Corp., Emeryville, CA) was given IV on days 15-19 and 
22-26 at doses of 2.0 x 10° Cetus units/m? to 4.0 x 10° Cetus units/m*, with dose 
escalations as tolerated. Indomethacin was administered before each interleukin-2 treatment. 
Systemic corticosteroids were excluded from the treatment regimen. 

Bi ateral shoulder arthralgias of various severities, ranging from mild to severe, developed 
in all nine patients. The severity of shoulder arthralgia varied within each patient as well. The 
pain occurred earlier and was more severe with each successive cycle of interleukin-2. Four 
patients had arthralgias of lesser severity involving their knees and wrists. 

Bone scintigrams were obtained before treatment and at 2- to S-month intervals during 
treatment with interleukin-2 in order to follow the progress of the metastatic disease. Total- 
body gamma-camera imaging was done 2 hr after IV administration of 20 mCi (740 MBq) of 
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°°™T¢-methylene diphosphonate. Four patients also had radiographs 
of their shoulders. 


Results 


All nine patients had normal-appearing shoulders on pre- 
treatment bone scintigrams (Figs. 1-3). On follow-up scinti- 
grams obtained during treatment with interleukin-2, seven 
patients had diffuse increased activity within both shoulders, 
consistent with synovitis (Figs. 1 and 2). One patient had 
diffuse unilateral uptake, and one had no increased uptake of 
radionuclide in the shoulders. No significant change was noted 
in other joints. Two patients had focal skeletal metastasis, 
but activity in the shoulder was always more diffuse and less 
intense (Fig. 2). In three patients in whom additional scinti- 
grams were available during treatment, increased activity in 
the shoulder persisted. Bone scintigraphy on one patient 5 
months after the completion of treatment with interleukin-2 
showed decrease of the previously demonstrated diffuse 
increased shoulder activity (Fig. 3). All radiographs of the 
shoulders were normal, with no evidence of periarticular 
erosion, osteopenia, or metastasis. 


Discussion 


The interleukins are lymphocyte-produced polypeptides 
that act on leukocytes and other tissue targets. Because 
interleukin-2 has been shown to enhance the tumoricidal 
activity of helper and cytotoxic T cells [1-4], a considerable 
amount of interest has been generated in its use as an 
antineoplastic agent. The agent is now produced via methods 
that use recombinant DNA. Dose-limiting toxic effects have 
included severe fluid retention, weight gain, and hypotension, 
often requiring administration of vasopressors [2, 7]. 


A B 


Fig. 1.—Extraosseous metastatic melanoma in a 60-year-old man. 
A, Pretreatment bone scintigram is normal. 


AJR:154, February 1990 


Because leakage from capillaries has been associated with 
the high-dose bolus regimen, alternative methods of admin- 
istration have been investigated [5, 6]. Interleukin-2 is given 
in an outpatient setting at a maximal dose of 6.0 x 10° Cetus 
units/m?/day three times a week and in a daily schedule of 
3.0 x 10° Cetus units/m?/day. With the lower doses, dose- 
limiting toxic effects have included fatigue, hypotension, ma- 
laise, and arthralgias [5, 6]. Bothersome arthralgias commonly 
affect the shoulders in patients receiving low doses of inter- 
leukin-2, and adjustments often are required [5, 6]. Involve- 
ment of the knees and wrists is seen less commonly. 

The scintigraphic findings in arthralgias induced by interleu- 
kin-2 have not been described before. In all nine of our 
patients, the pretreatment scintigrams of the shoulders were 
normal. After 2-5 months of treatment with low doses of 
interleukin-2 and onset of shoulder arthralgias, follow-up scin- 
tigraphy in eight of nine patients showed diffuse increased 
uptake of radionuclide in the shoulder. Seven patients had no 
other abnormality on bone scintigraphy. Two patients had 
bone metastasis before treatment, but the acquired activity 
in the shoulder was less than that of the preexisting bone 
metastasis. Four patients had complaints referable to other 
joints, most notably knees and wrists, but these joints had 
no abnormalities on scintigraphy. Because the shoulder pain 
was intermittent and temporally related to interleukin-2 ad- 
ministration, a drug-induced synovitis was suspected. 

These arthralgias induced by interleukin-2 have been de- 
scribed only recently [5, 6], and the mechanism is not known. 
A related molecule, interleukin-1, has been the focus of inves- 
tigation in this regard [8-10]. Interleukin-1 is known to cause 
bone resorption and cartilage destruction in animals [8]. A 
possible role of interleukin-2 in rheumatoid arthritis has been 
suggested. In the presence of synovial fluid caused by rheu- 
matoid arthritis, normal lymphocytes have shown a decreased 





B and C, Follow-up bone scintigrams obtained 10 days after fifth course of interleukin-2 show bilateral diffuse increased shoulder activity suggestive 
of bilateral inflammatory process. No other scintigraphic abnormality was seen. Patient suffered shoulder pain that worsened during each treatment with 
interleukin-2. 
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Fig. 2.—Melanoma metastatic to bone, liver, 
and lung in a 34-year-old man. 

A and B, Pretreatment bone scintigrams show 
multiple sites of bone metastasis. Shoulders are 
normal. 

C and D, Follow-up bone scintigrams obtained 
2 days after fourth course of treatment with 
interleukin-2 show diffuse, bilateral increased 
uptake of radionuclide in the shoulders. Met- 
astatic pattern also increases. Uptake in shoul- 
ders is moresdiffuse and less intense than in rib 
metastasis, and patient suffered worsening bi- 
lateral shoulder pain with each course of treat- 
ment with interleukin-2, suggesting bilateral in- 
flammatory process. 





A 


SCINTIGRAPHY OF SHOULDER PAIN 


Fig. 3.—Extraosseous metastatic melanoma in a 36-year-old man. 
A, Pretreatment bone scintigram is unremarkable. 


B, Follow-up bone scintigram obtained 10 days after third course of treatment with interleukin-2 shows diffuse, 


right shoulder consistent with clinical symptoms of severe shoulder pain. 
C, Bone scintigram obtained 5 months after completion of treatment with interleukin-2, and resolution of shoulder pain, shows less uptake of 
radionuclide, suggesting resolution of synovitis related to interleukin-2. 
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increased uptake of radionuclide in 
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response to exogenous interleukin-2 and a decreased pro- 
duction of interleukin-2 [11]. Our scintigraphic findings sug- 
gest the possibility of an inflammatory shoulder process that 
may relate to the role of interleukin-2 as an immunomodulator. 

Radiologists should be aware of the scintigraphic findings 
related to shoulder pain caused by interleukin-2 immunother- 
apy. 
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Spontaneous Osteonecrosis of the 
Knee: Value of MR Imaging in 
Determining Prognosis 





Sixteen patients with early and late stages of spontaneous osteonecrosis of the knee 
were studied to evaluate if MR imaging can be used to determine the prognosis of the 
disease. All patients had sequential conventional radiographs and clinical examinations, 
one or more *""Tc-methylene diphosphonate bone scintigrams, and an MR examination. 
The duration of the disease at the time of the MR examination ranged from 1 to 58 
months (mean, 18 months). A relationship was identified between the pattern of bone 
marrow alteration noted on long TR/TE MR sequences and the scintigraphic stage and 
clinical course of the disease. The dimensions of the osteonecrotic region could be 
identified as well or better on the short TR/TE MR images than on the radiographs in all 
patients. MR imaging also afforded evaluation of the hyaline cartilage overlying the 
osteonecrotic lesion, revealing secondary osteoarthrosis in seven patients. 

We conclude that MR imaging in patients with spontaneous osteonecrosis of the knee 
may provide information of value for determining the prognosis of the disease. 


AJR 154:331-336, February 1990 


Spontaneous osteonecrosis of the knee usually affects the media! femoral 
condyle; it was first described systematically in 1968 by Ahlback et al. [1]. The 
prognosis varies from complete recovery to progressive joint collapse; after initial 
conservative therapy, surgical treatment is often required [2-4]. MR imaging is a 
sensitive technique in the detection of osteonecrosis of the femoral head [5, 6], 
and can determine the extent of osteonecrosis with high accuracy when compared 
with pathologic specimens [7]. However, there are few reports [8-12] on the use 
of MR imaging in spontaneous osteonecrosis of the knee. We found no published 
stucy attempting to relate the MR imaging findings during the subacute or later 
stages to the prognosis. 

This study of 16 patients with spontaneous osteonecrosis of the knee was 
undertaken to determine the value of MR imaging in providing information regarding 
the prognosis in this disorder. 


Subjects and Methods 


Sixteen patients with a clinical diagnosis of spontaneous osteonecrosis of the knee 
confirmed by both conventional radiography and three-phase scintigraphy underwent MR 
imaging of the involved knee joint. The selection of patients was not randomized but was 
based on the availability of the MR scanner; thus, the selection was independent of the 
results of other examinations. The patients were part of an ongoing prospective study of the 
clinical and therapeutic aspects of spontaneous osteonecrosis of the knee. There were five 
men and 11 women 42-85 years old (mean, 62 years). The characteristic acute onset of 
symptoms had occurred in 15 patients; in one patient the onset had been gradual. None of 
the patients had any known predisposing factors for osteonecrosis, such as steroid medica- 
tion. Minor trauma was reported in relation to the onset of pain in three cases. The lesions 
were unilateral and involved the medial femoral condyle. 
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MR imaging was performed in all patients at a time after onset of 
symptoms ranging from 1 to 58 months (mean, 18 months). A 0.3-T 
permanent magnet (Fonar Corp., Melville, NY) was used. The protocol 
included spin-echo sequences with short TR/TE (400/16) and long 
TR/TE (2000/60) in all patients. The short TR/TE images were 
obtained in the coronal plane in 15 patients and in the sagittal plane 
in one patient. The long TR/TE images were obtained in the sagittal 
plane in 14 patients and in the coronal plane in two patients. Section 
thickness was 5.0 mm, with 0.5- to 2.8-mm intervals. The field of 
view was 18 or 20 cm, over a 256 x 256 matrix. 


D | E 


Fig. 1.—66-year-old woman with acute onset of right knee pain. 
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We evaluated the MR images for signal alterations and categorized 
them according to signal pattern. The extent of the osteonecrotic 
region was measured on the short TR/TE MR images as the area of 
low signal and on the conventional radiographs as the subchondral 
lytic area. Staging of the osteonecrotic process and also of osteoar- 
throsis, if present, was performed on the conventional radiographs 
as well as on the MR images. We used the five-point modification 
staging system of Aglietti et al. [3] for spontaneous osteonecrosis of 
the femoral condyles; this system was described originally by Koshino 
et al. [13]. For osteoarthrosis involvement, we used the five-point 





A, Posteroanterior radiograph 11 months after onset shows focal lytic lesion surrounded by band of sclerosis in medial femoral condyle, with mild bony 


collapse (arrow). 


B, Short TR/TE MR image shows subchondral low-signal area (solid arrow) corresponding in size to lytic region, with faint surrounding zone of 
intermediate low signal (open arrow) corresponding in size to area of sclerosis and buckling of hyaline cartilage (arrowhead) into low-signal area. 


C, Long TR/TE MR image shows narrow subchondral area of low signal (arrow), 


sclerosis on radiograph. 


again corresponding to lytic region, but normal signal in area of bony 


D and E, Three-phase bone scintigraphy shows focal increase in uptake (arrows) on flow (D) and delayed (E) phases representing acute stage of 


osteonecrosis. 
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Staging system described by Ahlbäck [14]. The radiographs chosen 
for correlation with the MR examination were obtained within 3 weeks 
in 11 patients and within 4-7 weeks in five patients. 

The MR images were then compared with the findings on three- 
phase *’"Tc-methylene diphosphonate bone scintigraphy, which was 
performed within 3 weeks of MR in seven patients and within 4-7 
weeks in eight patients. One patient was excluded from the MR/ 
scintigraphy comparison because of a 4-month delay between these 
examinations. We used the scintigraphic staging of spontaneous 
osteonecrosis of the femoral condyle described by Greyson et al. 
[15]. They defined acute osteonecrosis as exhibiting markedly in- 
creased focal activity in all three phases (Figs. 1D and 1E), whereas 
subacute osteonecrosis shows normal activity in the ‘low phase but 
increased activity in both the blood-pool and delayed phases. In late 
osteonecrosis, the bone scan shows persistent increased activity in 
the delayed phase or has returned to normal. Sometimes a pattern 
of secondary osteoarthritis is present instead. 

Finally, the MR patterns were related to the clinical course, defined 
as follows: A good clinical result indicated that the patient had no 
pain or mild pain at rest or on weight-bearing and could walk the 
Same distance as would be normal; a poor clinical result indicated 
persistent pain and a markedly reduced walking capacity. 


Results 


On the MR images, 14 patients exhibited alterations in 
marrow signal and sometimes also deformity of the cartilage 


Fig. 2.—80-year-old woman with sudden on- 
set of right knee pain. 

A, Radiograph 6 weeks after onset shows 
flattening of medial femoral condyle (arrow) but 
normal joint space and no lytic region. 

B, 6 weeks after onset, short TR/TE MR image 
shows low signal in large area of condyle, with 
surrounding zone of intermediate low signal (ar- 
rows) and buckling of cartilage into lesion (ar- 
rowhead). 

C, Long TR/TE MR image shows smaller sub- 
chondral area of low signal with surrounding 
area of intermediate low signal, as well as two 
rounded structures (solid arrows) containing 
high signal similar to that of joint fluid distending 
suprapatellar recess (open arrows). 

D, Second radiograph 2 weeks after MR ex- 
amination shows collapse of subchondral bone 
into lytic area (arrow); joint space is now nar- 
rowed. 
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and subchondral cortical bone, joint effusion, and meniscal 
abnormalities. The marrow signal alterations on short and 
long TR/TE sequences were assessed relative to normal 
marrow signal: low, intermediate low, normal, intermediate 
high, or high signal intensity. 

Regarding marrow alterations on short TR/TE sequences, 
14 patients demonstrated low signal in the lesion center; 12 
of these had a surrounding zone of intermediate low signal. 

Marrow alterations on long TR/TE sequences were present 
in 12 patients as an area of low or intermediate low signal 
(Fig. 1C); six of these had a surrounding zone of intermediate 
low signal (Fig. 2C) and one had a surrounding zone of 
intermediate high signal (Fig. 3C). Cystic alterations within or 
adjacent to the central necrotic region, not seen on radio- 
graphs, were identified in five patients (Figs. 2C and 2D). 
Other articular abnormalities detected only on the MR exam- 
ination included hyaline cartilage buckling into the defect of 
the bony collapse (Figs. 1B and 2B) in 12 patients, joint 
effusion in eight patients, and tear or degeneration of the 
medial meniscus in nine patients. 

Measurements of the osteonecrotic region were performed 
in the sagittal and transverse dimensions on the conventional 
radiographs as well as on the MR images. On the radiographs, 
we measured the extent of the well-defined lytic region, not 
including the usually poorly defined area of surrounding scle- 
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Fig. 3.—85-year-old woman with acute onset of right knee pain. 
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A, Radiograph 1 month after onset shows mild flattening of medial femoral condyle and small lytic region surrounded by narrow sclerotic band (arrow). 


Joint space is slightly narrowed medially. 


B, Short TR/TE MR image shows area of low signal (solid arrow) surrounded by wide zone of intermediate low signal (open arrows); joint space is 


narrowed. 


C, Long TR/TE MR image shows area of low signal surrounded by zone of intermediate high signal (arrows). 
D and E, Three-phase bone scintigraphy 5 days later shows acute-stage pattern with high focal activity (arrows) both on flow (D) and delayed (E) 


phases. 


rosis, in accordance with the measuring methods described 
in the orthopedic literature [16, 17]. On the short TR/TE MR 
images, we measured the well-defined subchondral area of 
low signal intensity. The transverse width of the osteonecrotic 
lesion could be measured in all cases, both on MR images 
and on conventional radiographs. The sagittal length could 
be measured on all MR images but not on five of 16 radio- 
graphs because of lack of visualization of the osteonecrotic 
lesion on the lateral view. Measurements obtained on con- 
ventional radiographs were divided by a factor of 1.1 to 
correct for radiographic magnification. The conventional radio- 
graphic and MR measurements were statistically compared 
by using regression analysis. A significant correlation was 


found both concerning the transverse width (r = .7, p < .01) 
and the sagittal length (r = .6, p < .05). 

Staging of the osteonecrotic process on conventional ra- 
diographs and on corresponding MR images showed com- 
plete agreement in 13 cases. More advanced changes were 
detected with MR than with conventional radiography in one 
patient, whereas the reverse was true in the remaining two 
patients. 

Osteoarthrosis was present in eight patients on both the 
conventional radiographs and on the MR images. Staging 
according to Ahlbäck [14] showed agreement between MR 
images and conventional radiographs in six cases, whereas 
MR showed changes one stage more advanced in one Case, 
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and the plain film changes were considered one grade more 
advanced in one case. 

When marrow alterations on the long TR/TE sequence 
were assessed relative to scintigraphic staging, three patients 
with normal T2-weighted images were in a subacute scinti- 
graphic stage; one was normal. Eight patients with low or 
intermediate low signal in the lesion center had an acute 
scintigraphic pattern; two, who also had a Surrounding zone 
of intermediate signal, had a subacute pattern. In one patient 
seen 1 month after the onset of symptoms, a low-signal 
central area was surrounded by a high-signal zone and the 
scintigraphic stage was acute. 

When marrow alterations on the long TR/TE sequence 
were related to the clinical course, all four patients with a 
normal T2-weighted MR pattern had a good clinical result 
after conservative therapy. Of the 12 patients with abnormal- 
ities found on T2-weighted images, nine had a poor clinical 
result. 


Discussion 


The patients in this study were inhomogeneous in regard 
to variables such as time between onset of symptoms and 
MR examination. Furthermore, the selection of patients was 
not randomized. However, the extensive radiographic, scinti- 
graphic, and clinical information available about these patients 
from a larger ongoing study of the clinical and therapeutic 
aspects of spontaneous osteonecrosis of the knee enabled 
us to relate this information to the MR studies performed, 
thus providing new information. 

When evaluating the MR images, we found that most 
patients with a region of decreased signal on the long TR/TE 
MR image had a persistent acute scintigraphic stage and had 
a poor clinical outcome. On short TR/TE images, all 14 
Patients with signal alterations on the short TR/TE images 
exhibited a similar signal pattern. The short TR/TE images, 
however, were best for evaluating the extent of the osteo- 
necrotic lesion. 

Among the few reported cases of MR imaging in sponta- 
neous osteonecrosis of the knee [9-12], Stoller [12] de- 
scribed MR signal alterations similar to those we saw: a low- 
signal-intensity focus on both short and long TR/TE se- 
quences. 

In MR alterations in osteonecrosis of the femoral head, 
several investigators have reported a “double-line” sign [6] 
present on long TR/TE MR images in up to 80% of cases of 
osteonecrosis of the femoral head. The high-signal line on the 
MR image has been shown in specimens to correspond 
histologically to a central hyperemic zone of granulation tis- 
sue, whereas the low-signal line corresponds to a peripheral 
zone of fibrosis, amorphous cellular debris, anc thickened 
trabecular bone [6, 7]. This double-line sign was not identified 
in any of our patients; the reason for this may have been 
related to our use of a lower magnetic field Strength, to the 
difference between the osteonecrotic processes in these two 
locations, or to the fact that most of our MR studies were 
performed at a later stage of disease. 
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Compared with conventional radiography, MR imaging pro- 
vides not only earlier but also more extensive information on 
the distribution of marrow abnormalities and the presence of 
Cartilage damage due to bony collapse; therefore, more ac- 
curate staging of the disease as well as further information 
relevant to prognosis are provided. In the orthopedic litera- 
ture, two radiographic methods have been advocated: both 
are based on estimation of the size of the osteonecrotic 
region. Lotke et al. [16] used a ratio between the transverse 
width of the lesion and the width of the affected femoral 
condyle, indicating that a ratio of over 0.4 carries a poor 
prognosis. Muheim and Bohne [17] described a method in- 
volving multiplication of the width and the length of the lesion, 
indicating that if this sum is above 5 cm? the prognosis is 
poor. To evaluate if these radiographic measurement methods 
could be applied to MR images, we performed the measure- 
ments on both MR images and radiographs and found a 
Statistically significant correlation between measurements of 
the osteonecrotic region on conventional radiographs and 
short TR/TE MR images. 

MR imaging is a sensitive but nonspecific method of show- 
ing pathologic marrow involvement in spontaneous osteone- 
crosis of the knee. As osteonecrotic areas also have been 
shown on histologic examination of the femoral condyles in 
cases of osteoarthrosis [18], it is not Surprising that the MR 
marrow alterations in these two entities can be similar. Other 
disorders with similar MR marrow alterations include transient 
osteoporosis of the hip [19] and transient bone marrow 
edema [20]. It is likely that with further MR studies of the 
knee in various Clinical disorders in which conventional radio- 
graphic examination is usually normal, hitherto undetected 
disease of bone and joint structures will become known. 
Further studies relating the MR imaging alterations to clinical, 
radiographic, and histopathologic data in spontaneous osteo- 
necrosis of the knee will be required for better understanding 
of the pathophysiology of this disorder [21]. 
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Is MR Better than Arthrography for 
Evaluating the Ligaments of the 
Wrist? In Vitro Study 





The purpose of this study was to determine the relative merits of MR imaging and 
three-compartment digital arthrography in the assessment of carpal ligaments in vitro. 
We performed MR imaging and arthrography in 10 normal wrists of fresh cadavers 
ranging in age from 48 to 71 years, and compared the appearance of the interosseous 
ligaments and triangular fibrocartilage complex with findings on anatomic sections of 
the joints. In six of the specimens, relatively T1-weighted MR images, 800/20 (TR/TE), 
preceded three-compartment digital arthrography performed with standard contrast 
material. In the other four specimens, arthrography, using an MR solution of iodinated 
contrast material mixed with cupric sulfate and gelatin, was performed before MR 
imaging. This was done to mimic the intraarticular fluid that might be seen in an injured 
wrist. MR allowed accurate assessment of the triangular fibrocartilage complex and 
scapholunate ligament in eight of 10 cases. Consistent MR visualization of the lunotri- 
quetral ligament was difficult. Three-compartment digital arthrography allowed accurate 
assessment of the triangular fibrocartilage complex and scapholunate and lunotriquetral 
ligaments in all 10 cases. 

We concluded that MR is useful but inferior to arthrography in the evaluation of 
interosseous ligaments and the triangular fibrocartilage complex. 
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Greater understanding of wrist mechanics and ligamentous instability has led to 
many operative procedures including scaphotrapezio-trapezoidal arthrodesis, cap- 
suligamentodesis, ligament repairs, and direct suture of damaged structures [1]. 
With the advent of these procedures, preoperative imaging evaluation has assumed 
a more important role. Imaging techniques available for evaluation of the wrist 
include routine radiography, fluoroscopy, scintigraphy, and arthrography [2, 3]. 
Recently, three-compartment wrist arthrography and MR imaging have been used 
to evaluate the persistently painful wrist. Although arthrography has been the 
procedure of choice for the evaluation of wrist ligaments, MR imaging has been 
found suitable in the evaluation of certain wrist abnormalities [4, 5]. Given the 
importance of ligaments to the stability of the wrist, we designed a study to 
compare three-compartment digital arthrography and MR imaging in the evaluation 
of the wrist ligaments and the triangular fibrocartilage complex. 


Materials and Methods 


MR imaging was performed in 10 fresh cadaveric specimens with a 1.5-T General Electric 
Signa MR imaging unit (Milwaukee, WI) in conjunction with a 3-in. (7.62-cm) circular surface 
coil. All scans were obtained with the wrists in a pronated position and the surface coil placed 
underneath the palmar aspect of the wrist. Each wrist was placed in the center of the magnet 
and immobilized with tape. Multisection 3-mm contiguous coronal, sagittal, and transaxial 
images were obtained using T1-weighted sequences, 800/20 (TR/TE). An 8- to 12-cm field 
of view (FOV) was used. A 256 x 256 matrix was used for data acquisition display. A 
maximum spatial resolution of 0.31 x 0.31 mm was achieved when an 8-cm FOV was used. 
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After MR imaging, three-compartment digital arthrography with 
standard water-soluble contrast material was performed on six of the 
cadaveric specimens. Arthrography was performed with a Diasonics 
DF/DA 100 digital fluoroscopic unit. After a 21-gauge needle was 
placed into the midcarpal compartment at the lunate and capitate- 
hamate junction, single test exposures were evaluated by computer 
algorithm to ensure proper radiographic technique. One exposure 
each second for 25 sec was obtained during the administration of 
2.5 ml of contrast material (60% Renografin, Squibb, New Brunswick, 
NJ). The contrast material was injected by hand at a rate of approx- 
imately 0.25-0.5 ml/sec. An image obtained before the appearance 
of contrast material was used as a mask and was digitally subtracted 
from the remaining frames in the run. This sequence of events was 
repeated for subsequent injections of the radiocarpal and inferior 
radioulnar compartments using approximately 2.0-2.5 ml of contrast 
material for each compartment. Subtracted images were displayed in 
real time during the procedure and subsequently were reviewed in a 
closed-loop movie format to display injection dynamics. Both positive 
and negative filming modes were used to produce final, permanent 
images. 

In a subset of four specimens, three-compartment digital arthrog- 
raphy was performed before MR imaging by using a special contrast 
solution that had short T1-weighted imaging characteristics. This was 
done to mimic intraarticular fluid and to assess whether this arthro- 
gramlike effect would allow better differentiation of subtle anatomy 
on MR images. This contrast solution consisted of Renografin 60 
(Squibb, New Brunswick, NJ) mixed with 0.1% cupric sulfate and 
unflavored gelatin. The solution was heated immediately before ar- 
thrography so that it would be in a liquid form that could be easily 
injected into the wrist compartments. After arthrography, the four 
specimens were imaged with MR in a manner identical to that used 
in the six specimens that lacked this MR contrast solution. 

After all cadaveric specimens were imaged, they were frozen at 
—70°C for 24-48 hr. They were subsequently sectioned in the coronal 
plane with a band saw into approximately 3-mm-thick sections at 
levels corresponding to those of the MR images. The sections then 
were inspected and photographed, and the findings were compared 
with those on the arthrographic and MR images. The imaging studies 
were evaluated simultaneously by three experienced osteoradiolo- 
gists. During the interpretation session, the specimen data were 
available, as the goal of the analysis was not to test the observers 
but to correlate the imaging and anatomic information. 


Results 


MR imaging allowed accurate assessment of the triangular 
fibrocartilage complex in eight of 10 cases. There were four 
complete tears and one partial tear of the triangular fibrocar- 
tilage complex that could be identified with MR (Fig. 1). Three 
intact triangular fibrocartilage complexes were apparent on 
MR imaging. In two cases the MR images showed diffusely 
increased signal intensity throughout the triangular fibrocarti- 
lage. Subsequent digital arthrography and anatomic section- 
ing revealed that the triangular fibrocartilage was intact in 
these two cases. Of note was marked variability in signal 
intensity within intact triangular fibrocartilages. Specifically, 
areas of increased signal intensity were noted at both the 
radial and ulnar attachments of the triangular fibrocartilage 
(Fig. 2). Digital arthrography allowed identification of the sta- 
tus of the triangular fibrocartilage complex in all 10 cases. 

MR imaging allowed correct assessment of the status of 
the scapholunate ligament in eight of 10 cases. An intact 
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scapholunate ligament appeared as a thin continuous band 
of low signal that extended between the proximal aspects of 
the scaphoid and lunate (Fig. 3). In a single MR examination 
the scapholunate ligament appeared disrupted, although 
pathologic correlation proved that it was intact; in another 
case an MR image was suggestive of an intact scapholunate 
ligament that was subsequently shown to be torn. In only one 
of the MR cases was definite visualization of the lunotriquetral 
ligament possible. Three-compartment digital arthrography 
was able to accurately assess the scapholunate and lunotri- 
quetral ligaments in all 10 cases. (Fig. 4). 

The carpal ligaments were identified more easily in the 
subset of four cases that underwent three-compartment dig- 
ital arthrography prior to MR imaging. This was due to the 
increased signal intensity of the intraarticular contrast material 
containing cupric sulfate (Fig. 5). 


Discussion 


Until recently the only means of evaluating wrist ligaments 
were Clinical examination, routine radiography, fluoroscopy, 
and arthrography. Evaluation of wrist ligaments is important 
clinically because many of these ligaments are crucial to wrist 
stability. Accurate preoperative evaluation of the wrist enables 
a surgeon to plan the best operative approach and procedure. 

Our study attempted to compare MR imaging with state- 
of-the-art arthrography of the wrist. Several recent studies 
have suggested that multicompartment arthrography of the 
wrist is superior to single-compartment studies [6, 7]. In a 
recent evaluation of 100 patients, Zinberg et al. [8] found that 
in 29 cases, abnormalities not identified on initial radiocarpal 
injections were subsequently found after either midcarpal or 
inferior radioulnar injections. During the past several years we 
have had good success in the evaluation of the intercarpal 
ligaments of the wrist using three-compartment digital ar- 
thrography. We believed it would be useful to compare the 
efficacy of MR and three-compartment digital arthrography in 
the assessment of various wrist ligaments. 

In eight of 10 wrists the triangular fibrocartilage complex 
was identified as a band of relatively low signal intensity 
arising from the ulnar aspect of the distal portion of the radius 
and extending horizontally to the base of the ulnar styloid 
process. It was not possible to distinguish this structure from 
the nearby meniscus homologue, which forms the medial 
articular surface of the radiocarpal joint. Three-compartment 
digital arthrography reliably identified the normal and abnormal 
triangular fibrocartilage complex. MR imaging also was useful 
in the assessment of the triangular fibrocartilage complex, but 
problems arose in distinguishing a completely torn triangular 
fibrocartilage from an intact fibrocartilage with a diffuse in- 
crease in signal intensity. 

Our initial intention was to maximize spatial resolution in 
our cadaveric specimens; for that reason no T2-weighted 
sequences were obtained. In retrospect, the fact that our 
study did not use T2-weighted sequences in addition to T1- 
weighted sequences may have contributed to our inability to 
distinguish between a torn triangular fibrocartilage complex 
and an intact triangular fibrocartilage complex demonstrating 
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Fig. 1.—Partial tear of triangular fibrocartilage complex. 


A, Corona! T1-weighted MR image (800/20) shows abnormal signal in proximal surface of triangular 
fibrocartilage complex (arrow). Increased signal intensity within joint presumably is related to prior 


hemorrhage. 


B, Digital arthrogram after injection of contrast material into inferior radioulnar compartment shows 


tear of proximal surface of triangular fibrocartilage complex (arrow). 


Fig. 3.—Nermal scapholunate ligament. 

A, Coronal T1-weighted MR image (800/20) 
shows norma! appearance of scapholunate liga- 
ment (arrow). 

B, Corresponding anatomic section shows in- 
tact scapholunate ligament (arrows). 


diffuse signal abnormality. In addition, in some of our cases, 
the normal triangular fibrocartilage complex lacked uniformity 
in terms of its signal characteristics. These cases demon- 
strated areas of relatively increased signal intensity at the 
ulnar and radial attachments of the triangular cartilage. To the 
unexperieneed examiner these areas of increased signal in- 
tensity might be mistaken for focal tears. The Signal variability 
that was encountered in our normal triangular fibrocartilages 
raises the question as to whether these Signal changes might 
represent myxoid changes similar to those that have been 
demonstrated in the fibrocartilaginous menisci of the knee 
[9]. We are currently involved in a Study comparing signal 
changes in the triangular fibrocartilage complex with data 
derived from histologic analysis. If this Study supports the 
theory of myxoid degeneration, it may be possible to grade 
signal changes and therefore arrive at a more accurate as- 
sessment of the triangular fibrocartilage complex. 
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Fig. 2.—Pitfall in assessment of triangular fibro- 
cartilage complex by MR. Coronal T1-weighted MR 
image (800/20) shows area of increased signal 
involving ulnar aspect of triangular fibrocartilage 
complex, which was interpreted as abnormal but 
later shown to be intact on anatomic section (ar- 
row). 
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Our current study supports but does not equal the experi- 
ence of Zlatkin et al. [10], who compared MR imaging with 
arthrography and found that tears of the triangular fibrocarti- 
lage complex were detected equally by MR and arthrography. 
Their excellent results may have been partially due to the use 
of T2-weighted in addition to T1-weighted sequences. T2- 
weighted sequences accentuate joint fluid, which, when pres- 
ent, facilitates identification of tears in the triangular fibrocar- 
tilage complex. We had no difficulty assessing the triangular 
fibrocartilage complex in the Subgroup of four specimens 
imaged with the cupric sulfate solution: in this group, the 
triangular fibrocartilage complex mimicked an intraarticular 
effusion. Assessment of the interosseous ligaments was sub- 
jectively easier in this subset of patients. 

Three-compartment digital arthrography was superior to 
MR in the identification and evaluation of the interosseous 
ligaments of the proximal carpal row. The intact scapholunate 
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A 


ligament usually was identified on MR images, but reliable 
visualization of the lunotriquetral ligament was not possible 
with this technique. This difficulty may relate to the very small 
size of these ligaments. Other authors have noted a similar 
problem [11], a problem that is likely to be resolved with 
improvements in surface coil design. 

MR imaging provides additional information that cannot be 
provided by arthrography alone. Such information relates to 
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Fig. 4.—Scapholunate ligament tear. 

A, Coronal T1-weighted MR image (800/20) 
shows discontinuity of scapholunate ligament (ar- 
row). 

B and C, Digital arthrogram (B) and subtracted 
image (C) after midcarpal injection show abnormal 
filling of scapholunate space (long arrows) with 
contrast material entering radiocarpal compart- 
ment (short arrows). 

D, Corresponding anatomic section shows tear 
of scapholunate ligament (arrow). 


Fig. 5.—Intraarticular MR contrast agent show- 
ing triangular fibrocartilage tear. 

A, Coronal T1-weighted MR image (800/20) 
after intraarticular injection of cupric sulfate solu- 
tion shows disruption of triangular fibrocartilage 
complex outlined by high-signal contrast material 
(arrows). 

B, Coronal anatomic section shows tear of tri- 
angular fibrocartilage complex (arrows). 


many different causes of persistent wrist pain such as is- 
chemic necrosis of the lunate, tenosynovitis, ganglia, subtle 
fractures, tendon ruptures, and carpal tunnel syndrome [7, 
10-13]. Of course, many of these conditions can be diag- 
nosed Clinically, and the cost-effectiveness of performing an 
MR examination should be a consideration. 

The decision as to which method should be used in an 
individual patient depends on the clinical situation. lf the 
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clinical question to be answered is whether the ligaments of 
the wrist are intact, three-compartment digital arthrography 
currently remains the best choice. This conclusion may 
change as further advances in MR software and surface coil 
design are made. If the clinical question is less specific or is 
related to nonligamentous causes of wrist pain, MR may be 
the best choice after routine radiography is used. 

Our results must remain preliminary for several reasons. 
Our study population consisted entirely of cadaveric speci- 
mens; it is mot Known whether identical signal characteristics 
would be demonstrated in a standard patient population. In 
addition, our assessment of the triangular fibrocartilage com- 
plex may have been improved if routine T2-weighted images 
had been used. 

In conclusion, MR compared favorably with but did not 
equal three-compartment digital arthrography in the evalua- 
tion of interosseous ligaments. Both MR and arthrography 
allowed assessment of the triangular fibrocartilage complex, 
but three-compartment digital arthrography was better, per- 
haps because T2-weighted sequences were not used in our 
MR examinations. Potential diagnostic pitfalls with MR imag- 
ing include the ulnar and radial attachments of the triangular 
fibrocartilage complex, which can have areas of increased 
Signal intensity that simulate tears of the fibrocartilage itself. 
In addition, the appearance of diffusely increased signal inten- 
sity in a triangular fibrocartilage complex does not necessarily 
imply complete disruption. Further advancements in coil de- 
sign may allow better visualization of the interosseous liga- 
ments. Until that time, three-compartment arthrography re- 
mains the best method for evaluation of these ligaments. 
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Imaging of Sports Injuries. By Arnold Williams, Roger Evans, and Paul D. Shirley. Philadelphia: Bailliere Tindal, 


192 pp., 1989. $75 


It is estimated that about 18 million sports-related injuries occur 
each year, frequently resulting in long-term sequelae (e.g., chronic 
progressive posttraumatic encephalopathy in boxers) and sometimes 
in death (The Pitch That Killed, Sowell, MacMillan, 1989). About 30% 
of these injuries occur in youngsters less than 15 years old. We 
constantly are adding new mechanisms of injury, from the trampoline 
(Boyer, AJR, 1986) and “little leaguer elbow” to the stress fractures 
of joggers and runners. This is not to ignore the unusual, such as the 
fracture through pathologic bone (humerus) suffered by Dave Dra- 
vecky, the San Francisco southpaw, as the result of pitching a high 
fast curve or the traumatic rupture of a distended gallbladder (stone 
in cystic duct) caused by a “body slam” during a wrestling match 
(letters to the New England Journal of Medicine as quoted in The 
Hunan Hand and Other Ailments, Boston, Little, Brown, 1987). 

Increasing awareness of sports-related injuries is the declared goal 
of the authors of Imaging of Sports Injuries. They present their 
material in a high-tech format with a generally readable text substan- 
tiated by adequate references but, alas, with skimpy treatment in 
some key areas. | found lopsided allocations of space (20 pages for 
the knee as compared with eight pages for the skull and facial bones) 
and multiple publishing mistakes (illustrations upside-down, labels 
mismatched, and so forth). | question the benefit of fluoroscopy in 


the workup of bone injuries, but | quickly agree with the liberal use 
of radionuclide bone scanning im the detection of subtle fractures. As 
pointed out by the authors, sonography and MR have enriched our 
appreciation of key anatomic areas such as the knee and our capa- 
bilities of diagnosing soft-tissueinjuries heretofore difficult to evaluate 
with conventional techniques. This is particularly true in cases of 
hematoma and fascial herniatioms of muscle (Fleckenstein, Radiology, 
1989). 

A chief concern in sports-related injuries is, of course, the cervical 
spine. Conventional fractures and dislocations are well covered here. 
Although the rush toward newer imaging techniques in the evaluation 
of injuries of the neck should not belittle the role of the plain film 
examination (Acheson, AJR, 1987), | would expect a more liberal use 
of CT illustrations for a more complete text. /maging of Sports Injuries 
gives a peek-a-boo look, a glancing blow, if you will, at the scope of 
sports medicine. Understanding the mechanisms and prevention of 
these injuries is the game plan. | anticipate that the authors will have 
more to offer in this regard, and, it is hoped, at a more reasonable 
price. 


Murray A. Rosenberg 
Easton, CT 
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Imaging Findings in a Patient with Pentazocine-Induced 


Myopathy 


Arthur M. A. De Schepper' and Hendrik R. M. Degryse 


Fibrous myopathy is a well-known complication of repeated 
intramuscular injections of pentazocine, a commonly used 
analgesic drug. Indifference of the patients to and their silence 
about this indolent but frequently mutilating process are prob- 
ably responsible for the paucity of reports and the lack of 
recognition of this entity. Fibrous myopathy has to be differ- 
entiated from neoplastic, infectious, traumatic, and dystrophic 
muscular disease. Few reports have been published on the 
imaging of pentazocine myopathy. We present a patient in 
whom plain film, sonography, CT, and MR were performed. 


Case Report 


A 35-year-old woman had a 2-month history of progressive, pain- 
less stiffening and enlargement of the left quadriceps muscle. The 
patient was the wife of a general practitioner. Physical examination 
showed a “rock-hard” induration ventrally in the thigh. The patient 
did not have history of or clinical evidence for systemic myopathy. 
Laboratory tests revealed only an increased erythrocyte sedimenta- 
tion rate (87 mm/hr). 

The initial plain film of the thigh showed numerous, small, linear 
and rounded calcifications in the region of the quadriceps muscle. On 
sonography, an inhomogeneous, hypoechoic mass with central cal- 
cification was seen in the vastus intermedius and the rectus femoris 
muscles (Fig. 1A). An unenhanced CT scan of both thighs revealed 
numerous Caicifications and ill-defined hypolucencies in both quadri- 
ceps muscles, most obvious on the left side. The left rectus femoris 
and vastus intermedius muscle were slightly enlarged, and the sub- 
cutaneous fat appeared normal (Fig. 1B). A contrast-enhanced CT 
scan of both thighs showed multiple ill-defined areas of enhancement 


in both quadriceps muscles. The radiolucencies became more ob- 
vious because of peripheral contrast enhancement (Fig. 1C). The 
bilateral and multifocal appearance and the pleomorphic character of 
the lesions, together with a lack of clinical or biochemical signs of 
inflammation, made a neoplastic or inflammatory process unlikely. 
Further questioning revealed that the patient had been abusing 
intramuscular pentazocine via thigh injections. The injections stopped 
8 months before the radiographic studies. The examination was 
completed with an MR scan and percutaneous needle biopsy. The 
biopsy was performed on demand of the clinician and to relieve the 
cancerphobia of the patient. 

On transverse, T1-weighted, spin-echo MR images (550/22, TR/ 
TE), signal intensity of the left quadriceps muscle was less homoge- 
neous than that on the right side, with several ill-defined areas of 
increased signal intensity in the rectus femoris and vastus lateralis 
muscle, probably representing muscular atrophy with fatty replace- 
ment or possibly some residual proteinaceous fluid (Fig. 1D). On 
coronal, T2-weighted, spin-echo images (2000/90), several poorly 
circumscribed areas of high signal intensity were seen within the 
quadriceps muscle, representing areas of fatty degeneration or cystic 
necrosis related to the prior injections (Fig. 1E). On percutaneous 
needle biopsy, a hard, boardlike mass was punctured and only one 
adequate sample was collected and sent for microscopic examina- 
tion. Unfortunately, the sample allowed no further characterization of 
the lesion. The patient refused a second biopsy, but clinical exami- 
nation after 3 and 6 months showed a gradual regression of the initial 
induration and tumefaction. 


Discussion 


Pentazocine is a commonly used analgesic drug. Cuta- 
neous abnormalities (woody infiltration, deep ulcers, abnormal 
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pigmentation, and lack of pain) and symmetrical myopathy 
have been reported in association with frequent superficial 
intramuscular injections [1-3]. Clinically, these patients pres- 
ent with fibrotic induration of the injected muscles, limitation 
of motion due to muscle contraction and secondary joint 
contraction, minimal weakness, and neuropathic symptoms. 
Possible causes of localized myopathy are trauma of repeated 
injections, foreign body reaction, ischemia, and crystallization 
of the drug [1, 3]. Secondary contraction and neuropathic 
disorders are explained by nerve damage and entrapment 
reflex sympathetic dystrophy [3-5]. Some authors suggest a 
systemic myotoxic effect of pentazocine, reporting cases of 
symmetrical contractions in all four extremities unrelated to 
the injected muscle [4] and even cases of myopathy after 
long-standing oral administration of pentazocine [6]. Focal 
muscle induration and fibrosis were not present in these 
cases, suggesting a different disease. 

The daily dose that can produce cutaneous and muscular 
complications is between 60 and 240 mg. The duration of the 
administration varies between 2 weeks and 3 years [5]. 

Animal experiments only partially explain the causal rela- 
tionship between pentazocine injections and myopathy [1]. 
Histologically, a diffuse fibrotic replacement of muscle fibers, 
a variable amount of inflammatory infiltrates, and rarely, small 
vessel thrombosis are described. The presence of birefringent 
crystals has been noted in areas of induration [7]. 

Diffuse soft-tissue and muscle calcifications are the only 
findings described on plain radiography [2, 5]. Sonography 


Fig. 1.—A, Sonogram of left thigh shows inhomogeneous, hypoechoic 
mass (white arrowheads) with central calcification (curved arrow) in quadri- 
ceps region. 

B, Unenhanced CT scan of both thighs shows rounded calcifications (open 
arrow) and ill-defined hypolucencies in both quadriceps muscles (solid 
arrows). Note enlargement of left quadriceps muscle. 

C, CT scan after IV injection of iodinated contrast material. Note multiple 
ill-defined areas of (mostly peripheral) contrast enhancement in both quad- 
riceps muscles. 

D, T1-weighted transverse MR image shows ill-defined areas of increased 
signal intensity, more obvious on left side (arrowheads). 

E, T2-weighted coronal MR image shows poorly circumscribed areas of 
increased signal intensity more obvious on left side. 


allows demonstration of the lesions, but lacks specificity. The 
bilateral and multifocal presentation together with the pleo- 
morphic appearance on CT and MR caused by a mixture of 
fibrosis, fatty degeneration and cystic necrosis, calcifications, 
and a variable degree of inflammation are helpful in differen- 
tiating drug-induced myopathy from neoplastic, infectious, 
autoimmune, neurogenic, and other traumatic muscular inju- 
ries. Early recognition may be important in order to avoid 
further invasive diagnostic procedures and is mandatory to 
prevent irreversible muscular damage and subsequent neu- 
rologic complications. 
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Ultrafast CT of Laryngeal and 
Tracheobronchial Obstruction in 
Symptomatic Postoperative 
Infants with Esophageal Atresia 
and Tracheoesophageal Fistula 





We evaluated the role of ultrafast CT in the diagnosis and follow-up of nine consec- 
utive, symptomatic infants with suspected laryngeal and tracheobronchial obstruction 
after surgery for esophageal atresia. With 80% or more area collapse as a criterion for 
the diagnosis of laryngomalacia and 50% or more for tracheomalacia, six patients had 
tracheomalacia, one had laryngomalacia, and two had both. Tracheomalacia was focal 
in four patients and diffuse, involving the thoracic trachea, in the other four. Associated 
bronchomalacia was present in two patients. The site and degree of abnormality were 
verified by endoscopy in five of nine patients. The degree of tracheal collapse did not 
always correlate with the size of the esophageal pouch or with the site of the tracheo- 
esophageal fistula. These findings support the concept that the larynx and/or tracheal 
walls are often abnormal in symptomatic infants with esophageal atresia, tracheoesoph- 
ageal fistula, and airway obstruction. 

Ultrafast CT was a reliable technique for detecting and assessing the site, extent, 
severity, and dynamics of airway collapse in five of seven symptomatic infants with 
congenital tracheoesophageal anomalies when the imaging findings were compared 
with endoscopic findings and previously published normal standards. 
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Tracheomalacia, an important cause of morbidity and mortality in patients after 
correction of congenital tracheoesophageal anomalies, is characterized oy weak- 
ness of the tracheal wall associated with luminal collapse and symptoms of upper 
airway obstruction [1]. We conducted a study to evaluate ultrafast CT in the 
diagnosis and follow-up of nine infants with suspected laryngeal and tracheobron- 
chial obstruction after surgical correction of esophageal atresia (EA) and tracheo- 
esophageal fistula (TEF). These results were then compared with endoscopic 
findings and previously reported normal data [2]. 


Subjects and Methods 


Our study group consisted of nine consecutive patients with repaired EA and TEF who 
had symptoms of laryngeal and tracheobronchial obstruction. Each patient had from one to 
four ultrafast CT examinations, yielding a total of 19 examinations. There were six boys and 
three girls ranging in age from 8 days to 2.5 years at the initial examination. Eight of the nine 
patients had EA associated with distal TEF (five related to the carina and three to the distal 
trachea). Only one patient had EA associated with proximal TEF. Other anomalies included 
the VATER association in two, and one each with CHARGE association, G syndrome, right 
aortic arch and descending aorta, biliary atresia with situs inversus, and anular pancreas. 
Airway symptoms and signs included stridor in six, brassy cough in two, noisy breathing after 
extudation in one, failure of extubation in one, and recurrent upper respiratory infection in 
one. 

Al images were obtained with an Imatron C-100 scanner. Patients were scanned during 
quiet breathing in the supine position without sedation. The initial examination consisted of 
eight contiguous 8-mm axial slices from the oropharynx to one or two levels below the carina 
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obtained by using the “volume mode.” Then we used the “flow mode,” 
in which a series of 10 images taken at 0.7-sec intervals were 
acquired at each of eight levels of interest, selected on the basis of 
the volume-mode study. Each of these sequential images required 
0.05 sec with an interscan delay of 0.008 sec. Two imaging se- 
quences were obtained in each patient; the second was offset by 
5 mm to allow detection of small focal abnormalities. Skin radiation 
dosage was 300 mR (77.4 x 10°° C/kg) per slice [2]. All images were 
displayed on a video monitor in a “movie” format, providing an 
evaluation of the dynamic change in airway caliber during three or 
four respiratory cycles. 

Displaying the images on a 3 x 3 format, the borders of the 
laryngeal and tracheal air column were traced by using a semiauto- 
mated blink-mode technique, allowing computer calculation of the 
cross-sectional area in square millimeters (Fig. 1). As the absolute 
area varies with the window width and level settings, only the maximal 
percentage area change was obtained at each level, and a composite 
graph showing maximal percent collapse vs scan level was plotted 
(Fig. 2). Pixel size and border detection were limited by scanner 
parameters, causing some minor variability in calculated areas. 

By using 80% or more area collapse as a criterion for the diagnosis 
of laryngomalacia and 50% or more as our criterion for tracheomalacia 
(based on our study of normal non-age-matched control subjects) 
[2], the malacic levels were related to recognized anatomic structures, 
such as piriform sinus, thoracic inlet (at apex of lungs), aortic arch, 
pulmonary artery, and carina. Out of the 10 serial images at the level 
showing laryngomalacia and/or tracheomalacia, the number of im- 
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Fig. 1.—Tracheomalacia. Border of tracheal air 
column is traced (A-I) and cross-sectional area is 
calculated on each of static images acquired at 
same level 0.7 sec apart. Maximal percentage of 
area collapse (79%) = 100 x (E—H)/E, where E is 
maximal area and H is minimal area in this exam- 
ple. Images are read from left to right and from 
top to bottom. Note gas-filled esophagus posterior 
to trachea. 
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Fig. 2.—Laryngotracheomalacia in a 16-month-old boy (with esophageal 
atresia and repaired carinal tracheoesophageal fistula) presenting with 
stridor and brassy cough. Graph shows 85% airway collapse in larynx 
(below dotted line at 80%) and diffuse tracheomalacia (>50% collapse) 
involving intrathoracic trachea (76-99% collapse). 


ages showing collapse exceeding our criteria was noted. The time 
interval between the maximal and minimal cross-sectional area was 
recorded. The degree of tracheal collapse was correlated with the 
size of the adjacent esophageal segment by tracing the tracheal and 
esophageal cross-sectional areas at the same level. 
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The level and severity of airway collapse were correlated with the 
sites of EA and TEF found at surgery, and with the findings on 
laryngoscopy and bronchoscopy performed on seven patients under 
topical or general anesthesia (from 1 day to 2 months before or after 
the CT examination). 


Results 


Examinations were abnormal in all cases (Table 1). One 
patient had laryngomalacia (Fig. 3A), six had tracheomalacia 
(Fig. 4), and two had both. The tracheomalacia was focal (one 
or two levels) in four patients, and involved the entire intratho- 
racic trachea in the other four. The focal lesions were located 
between the thoracic inlet and the aortic arch. One patient 
with laryngotracheomalacia had diffuse involvement of the 
trachea including the extrathoracic portion. The malacic seg- 
ments had a variable caliber in all patients (82-93% in the 
larynx and 53-99% in the trachea). Two patients had asso- 
ciated bronchomalacia (assessed visually) involving both main 
bronchi (Fig. 3B). One of these patients (with a proximal TEF 
3 cm above the carina) was not extubated and had malacia 
of the trachea distal to the tip of tracheostomy tube. The 
other patient had malacia involving the entire intrathoracic 
trachea. 
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In laryngomalacia, two to three of the 10 serial images 
showed 80% or more collapse, with a 0.7-sec interval be- 
tween the image showing maximal and the image showing 
minimal caliber. In tracheomalacia, one to seven of the 10 
serial images showed 50% or more collapse, with 0.7-4.9 
sec between the images with the greatest difference in caliber. 

Although esophageal distention contributed to the deform- 
ity and collapse of the trachea, the degree of collapse did not 
correlate universally with the size of the adjacent esophageal 
segment (Fig. 3). Comparing the 10 serial images, the trachea 
might or might not collapse synchronously with the distention 
of the esophagus at the same scan level. In one patient in 
whom a “spit fistula” was created with the esophagus diverted 
from its natural course, the axis of tracheal collapse did not 
correspond to the position of the adjacent esophageal 
segment. 

There was no consistent correlation between the site of 
TEF found during surgery and the level of malacia. Although 
all but one fistula were at the distal trachea or the carina, the 
malacia was seen at either the laryngeal or tracheal (focal or 
diffuse) level or both. Moreover, there was inconsistent cor- 
relation between the malacic level and the site and length of 
the atretic esophagus. In one patient in whom the proximal 


TABLE 1: Correlation of Ultrafast CT, Endoscopic, and Clinical Findings 
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Case No. Age Sex 
1 16 mo M 


Clinical 
Findings 


Carinal fistula, stri- 


Ultrafast 


CT Endoscopy Follow-up 


L+T(d) L+T(f) pa 


dor, and brassy 


cough 


tracheal 


G syndrome, distal 
fistula, 


LF (a) T (f) Stable 


hoarseness, and 


stridor 


CHARGE associa- A — 5 


tion, carinal fis- 
tula, and stridor 


6 8 mo 


7 6 days 


8 3 mo 


9 8 days 


Note.—L = laryngomalacia, T = tracheomalacia, d = diffuse, f = focal, T 


endotracheal tube. 


Carinal fistula and 
brassy cough 
VATER association, 
proximal fistula (3 
cm from carina) 
and failed extu- 

bation 

Anular pancreas, 
carinal fistula, and 
stridor 

VATER association, 
rt. aortic arch, dis- 
tal tracheal fis- 
tula, noisy breath- 
ing, and stridor 

Situs inversus, bili- 
ary atresia, distal 
tracheal fistula, 
and recurrent res- 
piratory infection 

Distal tracheal fis- 
tula, hoarseness, 
and stridor 


T(d)+B 


T (f) 


T (f) 


Stable 


More severe 
T(d +B 


T (f) More severe 
T (f) 


T (f) Stable 


Ti L and T (f) 


(*) = tracheomalacia distal to tip of 





Fig. 3.—A, Laryngomalacia. Ultrafast CT scan 
of an 8-manth-old boy with stridor shows marked 
collapse of laryngeal airway (92%) during quiet 
breathing (arrow). Evaluation of these images is 
complicated by minimal craniocaudal motion of 
larynx during respiration. Laryngomalacia was 
confirmed by endoscopy. 

B, Bronchomalacia. Ultrafast CT scan shows 
complete nonfixed collapse of both main bron- 
chi. Esophageal air column is seen at right par- 
avertebra!l region because of mobilization during 


surgery. 
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Fig. 4.—Tracheomalacia. Ultrafast CT scan of 
upper intrathoracic trachea in an 8-day-old boy 
shows significant nonfixed collapse of trachea 
(90%) with no consistent correlation between 
degree of collapse and size of adjacent esoph- 
ageal segment. Tracheomalacia was confirmed 
by endoscopy. 


pouch ended at the thoracic inlet, the malacia involved the 
intrathoracic trachea diffusely. 

In the seven patients with endoscopy of the airway, there 
was good correlation with CT findings in five (Table 1). In the 
other two patients with CT evidence of laryngomalacia and 
diffuse tracheomalacia, endoscopy did not reveal laryngoma- 
lacia in one and found only focal tracheomalacia in both. 

Movie display of images provided a dynamic appreciation 
of the caliber change during the respiratory cycle. The tracheal 
collapse appeared to relate to the expiratory phase, with 
modification by the distention of the adjacent esophageal 
segment. 

Follow-up on six patients from 2 weeks to 4 months after 
the initial examination showed progression of the malacic 
changes in the trachea in two patients and in the larynx in 
one. The other three patients showed no significant change 
in the severity and extent of the lesions. 


Discussion 


Tracheomalacia is an important cause of recurrent respi- 
ratory complications after successful correction of congenital 
tracheoesopnageal anomalies [3-5]. The incidence varies 
between 25% and 50% in children with EA [6]. The diffuse or 
focal tracheal weakness produces instability and collapse and 
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may be associated with upper airway obstruction, infection, 
cyanotic attacks, apneic episodes, and even cardiac arrests. 
Endoscopy in the postoperative period allows evaluation of 
any associated congenital anomaly, assessment of the se- 
verity and extent of tracheal collapse, direct examination and 
biopsy of esophagitis associated with gastroesophageal re- 
flux, dilatation of esophageal stricture, and identification of a 
suspected recurrent fistula [4]. However, in an attempt to 
exclude tracheomalacia, endoscopy introduces a nonphysio- 
logic factor that may alter the structures being observed. 
Ultrafast CT provides an accurate and noninvasive method in 
the dynamic imaging of the airway obstruction in nonsedated 
infants and children [2, 7, 8]. 

The results of our series of symptomatic postoperative 
patients with congenital tracheoesophageal anomalies sup- 
port the concept that the tracheal wall is often abnormal. 
Ultrafast CT allows us to assess the extent (focal or diffuse), 
degree, and duration of collapse during three to four respira- 
tory cycles. The variations in the extent and severity of 
collapse in relation to the sites of atretic esophageal segment 
and fistula do not indicate a single pathogenic mechanism. 
Previous histologic studies of trachea in children with TEF 
have indicated deficiency of cartilage in 75% of patients, 
increase in length of transverse muscle in 60%, a longer 
interval perimeter in 65%, and a reduced cartilage/muscle 
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ratio in 67.5% [9]. These abnormalities were found to bear 
little relationship to the position of the fistula. The heteroge- 
neity in the involvement shown by our ultrafast CT scanning 
supports these necropsy findings. 

The compressive effect on the trachea of the dilated and 
hypertrophied proximal esophageal pouch has been thought 
to retard the development of the trachea during fetal life [10]. 
However, our single case of diffuse intrathoracic tracheoma- 
lacia associated with a proximal esophageal pouch ending at 
the thoracic inlet does not support this mechanism. The 
decompressive effect of a distal TEF allowing nonphysiologic 
escape of lung fluid also may contribute to the pathogenesis 
[10]. The dynamic changes shown by the ultrafast CT re- 
vealed that although esophageal distention contributes to the 
tracheal collapse, it is predominantly the positive intrathoracic 
pressure (Such as expiration, coughing) that determines the 
timing of collapse. This supports the concept that changes in 
size of the intrathoracic trachea depend on the transmural 
pressure (the difference between the pressure exerted on the 
inner tracheal wall and that exerted on the outer tracheal wall) 
[11]. The intrathoracic extratracheal pressure, which approx- 
imates that of pleural pressure, increases during forced ex- 
piration and cough. The resulting increase in transmural pres- 
sure (deforming force) contributes to collapse of trachea, 
especially affecting the malacic segment. Delineation of the 
effect of intrathoracic pressures in producing tracheal narrow- 
ing vs intrinsic weakness is the subject of our continuing 
studies. 

Laryngomalacia, caused by excessive infolding of the ary- 
epiglottic folds into the glottis during inspiration, has not 
been reported in children with congenital tracheoesophageal 
anomalies. Our study indicated an incidence of 33% among 
symptomatic patients, either alone or associated with tra- 
cheomalacia. Associated bronchomalacia, which has been 
reported [4], was seen in two of our patients. 

Ultrafast CT scanning showed more extensive airway in- 
volvement than endoscopy in two out of seven patients who 
had both procedures. This discrepancy can be attributed to 
the nonphysiologic state of endoscopy. 

The follow-up studies revealed that patients may show 
progression of the malacic changes in the larynx and/or 
trachea over time. This may be helpful in decisions regarding 
operative tracheopexy or aortopexy in the management of 
severe cases [6, 12-15]. Additionally, accurate demonstration 
of the location and extent of malacia provides useful infor- 
mation regarding the length of the endotracheal or tracheos- 
tomy tube required to relieve the tracheal obstruction in mild 
to moderate cases [16]. 

Use of ultrafast CT in the evaluation of airway obstruction 
may have two potential limitations. First, as the compliance 
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of airway may change with age, a study of normal control 
subjects of various ages is necessary to establish a better 
quantitative criterion for diagnosis of laryngomalacia and 
tracheomalacia. Second, the craniocaudal motion of the air- 
way during respiration and swallowing, and the variable 
planes of sectioning of the air column due to motion of the 
patient may limit the use of quantitative evaluation. Further 
plans to study asymptomatic patients with EA and TEF are 
in progress. 
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Loculated Intracranial 
Leptomeningeal Metastases: 
CT and MR Characteristics 





Studies of twenty-five patients with loculated leptomeningeal tumor metastases 
diagnosed by CT and/or MR were analyzed retrospectively. Medulloblastoma was the 
most frequent primary tumor (8/25, 32%). Four subgroups of loculated patterns were 
identified. Type A included mass(es) limited to the subarachnoid space without obvious 
direct parenchymal infiltration; this pattern occurred in 12 patients, of whom five had 
associated diffuse pattern. Type B was characterized by mass(es) still predominantly in 
the subarachnoid space but with minor transpinal parenchymal infiltration; this pattern 
was found in five patients. Type C comprised subarachnoid mass(es) with marked 
transpinal extension mimicking parenchymal lesion; this pattern was observed in three 
patients. Type D consisted of subarachnoid mass(es) growing along the perineural CSF 
space; this pattern was noted in two patients. Additionally, two patients presented with 
combined A and C patterns, and one patient had a combined B and C pattern. More 
than half the patients (14/25, 56%) presented with a single lesion. The most frequent 
locations were the suprasellar cistern, ventricular walls, and lateral recesses of the 
fourth ventricle, Gd-DTPA-enhanced T1-weighted MR images appeared best for dem- 
onstrating the site and extent of disease. 

Recognition of the loculated patterns of leptomeningeal metastases, which are less 
common than the diffuse pattern, is important to radiologists and clinicians for correct 
diagnosis and proper management of patients with this disease. 


AJNR 10:1171-1179, November/December 1989; AJR 154:351-359, February 1990 


Leptomeningeal metastasis, previously known as meningeal carcinomatosis or 
carcinomatous meningitis, is a relatively uncommon mode of tumor spread. It may 
arise hematogenously through the meningeal vessels from the systemic neoplasms 
or from the shedding of tumor cells in certain primary CNS neoplasms. It often 
presents as diffuse or disseminated infiltration in the intracranial and intraspinal 
subarachnoid space. The intracranial abnormalities related to leptomeningeal me- 
tastasis on CT have been thoroughly described by Enzman et al. [1] and Lee et al. 
[2]. The four major CT abnormalities are (1) sulcal-cisternal enhancement, (2) 
ependymal enhancement, (3) widened irregular tentorial enhancement, and (4) 
communicating hydrocephalus. 

Occasionally, collections of tumor cells can be loculated in the dependent or 
generous portions of the intracranial subarachnoid space, including the ventricles, 
forming a rather distinct extraaxial mass lesion. This phenomenon, when it occurs 
without diffuse pattern, may cause a diagnostic dilemma and delay proper man- 
agement. Intracranial loculated leptomeningeal metastases, however, have never 
been well documented in the literature. The purpose of this retrospective study is 
to identify and categorize these less familiar patterns of leptomeningeal metastasis 
in order to improve diagnostic acumen and direct proper management. 


Materials and Methods 


Records of 25 cancer patients with leptomeningeal metastases manifested by loculated 
intracranial abnormalities on CT and/or MR were collected for this retrospective study. The 
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diagnosis was confirmed by CSF cytology alone in 14 patients, by 
surgery alone in three patients, and by CSF cytology and surgery in 
two patients. Diagnosis in the remaining six patients was not con- 
firmed histologically by CSF cytology, owing to the intracranial mass 
effect, nor by surgery. All 25 patients had CT studies on various 
scanners before and after IV contrast administration; the scan thick- 
ness varied from 5 mm to 10 mm. Twenty patients were studied by 
MR (the majority on a 1.5-T GE scanner). The MR technical param- 
eters included slice thickness of 5 mm with a 1-2.5-mm interslice 
gap, 256 x 128 matrix, 24-cm field of view, and 2-4 excitations. 
Sagittal and axial scans were obtained in all patients, supplemented 
with coronal views in selected cases. Spin-echo pulse sequences 
with a long TR (2000) and short and long TEs (20/80) were obtained 
in addition to T1-weighted images (600-800/20-30). The most recent 
seven patients also had enhanced MR after IV administration of Gd- 
DTPA. 

The size, site, and number of loculated leptomeningeal metastases 
were recorded. The CT attenuation coefficient of the lesions was 
compared with the normal cortex (i.e., hypodense, isodense, and 
hyperdense). The MR signal intensity was described as hyperintense, 


TABLE 1: CT and MR Appearance of Loculated 
Leptomeningeal Metastases 


SA a A ESS SEE SES SL pee es es ae mm ERE 


CT 
Precontrast lsodense or slightly hyperdense to 
CT attenuation of brain cortex 
Postcontrast Uniform and moderate-to-marked 
enhancement 
MR 
T1-weighted pulse Hypointense or isointense relative to 
sequence brain cortex and slightly hyper- 


intense relative to CSF 
Hyperintense relative to surrounding 
CSF and isointense with brain 


Long TR, short TE pulse 
sequence 


cortex 

lsointense with surrounding CSF; 
occasionally less hyperintense 
than CSF 

Marked hyperintensity readily de- 
marcated from normal brain and 
CSF 


T2-weighted pulse 
sequence 


Enhanced T1-weighted 
sequence 
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isotense, or hypointense relative to normal gray matter. The ability of 
each MR pulse sequence to characterize the lesions was assessed. 
When available, the CT and MR scans were compared. 


Results 


The appearances of loculeted leptomeningeal metastases 
are summarized in Table 1. All lesions were isodense or 
slightly hyperdense on the precontrast CT scans and had 
moderate to marked enhancement on postcontrast scans 
(Fig. 1). On the unenhanced MR studies, all lesions were 
hypointense or isointense on T1-weighted images and dem- 
onstrated brighter signal intensity than surrounding CSF and 
brain tissue on long TR/short TE images; the lesions often 
became obscured on T2-weighted images because of the 
hyperintensity of CSF (Fig. 2). Gd-DTPA-enhanced T1- 
weighted images were obtained in seven patients, and all 
showed marked enhancement of tumors (Figs. 2 and 3). 

The size, number, and anatomic site of the loculated me- 
tastases as well as the primary tumors are detailed in Table 
2. The most frequent underlying primary tumors were medul- 
loblastoma (eight cases), malignant glioma (four cases), and 
Squamous cell carcinoma of the lung (three cases). The size 
of the lesions varied from 5 mm to 8 cm in diameter. The 
configuration was often round or dome-shaped except when 
infiltrating into the perineura’ CSF space alongside a cranial 
nerve. The ependymal lesions tended to be small and multiple. 
The most frequent locations were the suprasellar cistern 
(eight cases), lateral ventricles (five cases), lateral recess of 
the fourth ventricle (five cases), cerebellopontine angle cistern 
(four cases), and fourth ventricle (three cases). 

From the morphologic location of the loculated masses, 
four distinctive subgroups were identified as follows: type A, 
mass(es) limited to the subarachnoid space (Fig. 4); type B, 
subarachnoid mass(es) with minor parenchymal infiltration but 
without parenchymal edema (Fig. 5); type C, subarachnoid 
space mass(es) with edema (Fig. 6); and type D, mass(es) 
growing along the perineural CSF space and presenting as 


Fig. 7.—Adenocarcinoma of breast. 

A, Noncontrast CT scan. Suprasellar lesion is 
slightly hyperdense (arrow) and lesion in lateral 
recess of fourth ventricle appears isodense (ar- 
rowhead). 

B, Contrast-enhanced CT scan shows marked 
enhancement of both metastatic lesions. 
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Fig. 2.—Ependymoma of spinal cord. 

A, Axial T1-weighted MR image (600/20) shows isointense masses in cerebellopontine cisterns. 

B, Axial MR image (2000/20) shows loculated leptomeningeal metastases becoming slightly 
hyperintense and readily demarcated from surrounding CSF and brain tissue. 

C, Axial T2*weighted MR image (2000/80). Lesions appear markedly hyperintense but poorly 
defined because~of increased intensity of surrounding CSF. 

D, Axial T1-weighted Gd-DTPA-enhanced MR image (600/20) shows marked enhancement of 
lesions. 


D 


extradural or extracranial lesion(s) (Fig. 7). The type A pattern, 
observed in 12 patients, was the most frequent. Five of these 
12 also had a diffuse pattern of leptomeningeal metastasis. 
Type B was seen in five patients, and type C in three. Two 
cases of type D were identified. Two patients presented with 
combined types A and C, and one patient had combined 
types B and C. 

Contrast-enhanced CT was better than unenhanced MR in 
defining the location and extent of loculated leptomeningeal 
metastases in all cases (Fig. 8). However, in the seven cases 
in which comparisons were available, Gd-DTPA-enhanced 
T1-weighted MR was far superior to contrast-enhanced CT 
in demonstrating the loculated lesions and in detecting addi- 
tional subtle diffuse leptomeningeal metastases (Fig. 9). 





Fig. 3.—Medaulioblastoma. Sagittal T1-weighted Gd-DTPA- Discussion 
enhanced MR image (600/20) shows marked enhancement 
tearan — — fourth vonia a wa oead Leptomeningeal metastasis tends to be diffuse in both the 
eptomeningeai metastasis in Ssupraseilar cistern infiltra Ing S ‘ è 2 R i 
into hypothalamus. Also noted are less enhanced ependymal intracranial and intraspinal subarachnoid spaces. Intracrani- 


metastases (arrows). ally, the lesions are often more severe in the dependent 
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TABLE 2: Classification of Loculated Leptomeningeal Metastasis (n = 21) 





No. of 


Pattern Canes 


Primary Tumor 


A he 1. Ependymoma of 


spinal cord 


2. Squamous cell 
carcinoma of lung 


3. Adenocarcinoma 
of breast 


4. Medulloblastoma 


5. Medulloblastoma 


6. Squamous cell 
carcinoma of lung 
7. Glioblastoma 
multiform of spinal 
cord 

8. Glioblastoma 
multiform 

9. Renal cell carci- 
noma 


10. Anaplastic astro- 
cytoma 


11. Oat cell carci- 
noma of lung 
12. Medulloblastoma 


1. Medulloblastoma 


2. Squamous cell 
carcinoma of lung 


3. Anaplastic astro- 
cytoma 


Associated 
Diffuse 
Pattern 


= Pathologic 
Findings Confirmation 


Bilateral 1.5-cm No None 
cerebellopontine 
angle cisternal 
masses, and 
one 3-cm supra- 
sellar mass 
3-cm mass in lat- No 
eral recess of 
4th ventricle 
1-cm masses in No 
suprasellar, su- 
perior cerebellar 
cisterns and lat- 
eral recess of 
4th ventricle 
1-cm mass in lat- Yes 
eral recess of 
4th ventricle 
1.5-cm mass in lat- 
eral recess of 
4th ventricle 
2-cm mass in 4th Yes 
ventricle 
1.5-cm mass in Su- Yes 
prasellar cistern 


CSF 


CSF 


CSF 


Yes CSF 


CSF 


None 


3-cm cerebellopon- No None 
tine angle mass 

3-cm mass in sub- No 
arachnoid space 
of posterior 
fossa 

1-cm masses in Yes 
suprasellar cis- 
tern and 4th 
ventricle 

1-cm mass in left No 
sylvian fissure 

2-cm suprasellar No 
mass and two 1- 
cm masses in 
lateral recess of 
4th ventricle, 
and one 1-cm 
mass in cerebel- 
lopontine angle 
cistern 

6-cm suprasellar No 
mass extending 
into hypothala- 
mus and corpus 
callosum 

Multiple ependy- No 
mal-subependy- 
mal nodules (<1 
cm) in lateral 
ventricles 

Multiple cortical No 
and ependymal- 
subependymal 
nodules in lateral 
ventricles 


Surgery 


CSF 


CSF 
CSF 


None 


CSF 


CSF 
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TABLE 2—Continued 
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No. of 


Pattern Canes 


Primary Tumor 


Findings 


Associated 
Diffuse 
Pattern 


Pathologic 
Confirmation 


A&C 2 


B&C 1 


oo 


. Medulloblastoma 


Medulloblastoma 


. Medulloblastoma 


Medulloblastoma 


Lymphoma 


. Leukemia 


. Lymphoma 


. Germinoma 


Melanoma 


. Lymphoma 








3-cm suprasellar 
mass extending 
into hypothala- 
mus and multiple 
ependymal-sub- 
ependymal nod- 
ules in lateral 
ventricles 

3-cm suprasellar 
mass extending 
into hypothala- 
mus 

4-cm mass on floor 
of right middle 
cranial fossa 
with edema 

6-cm bifrontal 
mass with 
edema 

Bilateral 1-cm tem- 
poral masses 
with edema 

Dumbbell mass in- 
volving optic 
chiasm and right 
optic nerve 

Dumbbell prepon- 
tine mass with 
involvement of 
Meckel cave and 
5th cranial nerve 

Small suprasellar 
and 4th ventricu- 
lar masses and 
frontal horn sub- 
ependymal mass 
with edema 

Ependymal nod- 
ules in lateral 
ventricle and 3- 
cm subependy- 
mal mass with 
edema 

1-cm ependymal 
mass and 2.5- 
cm subependy- 
mal mass with 
edema 


No 


No 


No 


No 


No 


No 


No 


No 


No 


No 


None 


CSF & 
surgery 


CSF & 


surgery 


None 


CSF 


lls 


portions of the cranial fossae or in areas where there are 
abundant CSF collections, such as the suprasellar cisterns, 
the cerebellopontine angle cisterns, and the ventricles. Micro- 
Scopically, the tumor cells infiltrate the leptomeninges as a 
single layer or as thicker, multilayered aggregates. The earli- 
est infiltration is along cortical vessels and is limited to the 
perivascular Virchow-Robin spaces. There is no transgression 
of the pia [3]. Most of these lesions are too small to be 
detected by currently available radiologic imaging techniques. 
When the tumor cells form larger aggregates, they may 
appear as a plaquelike coating on the surface of the brain, in 
the cisterns and fissures, along the tentorium, and/or on the 


ependymal lining of the ventricles. They can then be detected 
with contrast-enhanced CT [1, 2]. 

Occasionally, a mass of tumor accumulates in certain de- 
pendent locations where there is widening of the subarach- 
noid space. A subarachnoid extraaxial mass subsequently 
forms (type A) (Fig. 10). Further tumor growth leads to incur- 
sion into the underlying brain parenchyma while the main bulk 
of tumor remains in the subarachnoid space. At this stage 
the borders between loculated subarachnoid tumor and pa- 
renchymal infiltration become indistinct (type B) (Fig. 11). 
However, the degree of parenchymal infiltration is not severe 
enough to cause significant vasogenic edema in the brain 





Fig. 4.—Type A loculated leptomeningeal metastasis. Renal cell carcinoma. 

A, Contrast CT scan shows markedly enhanced mass in region of right cerebellar hemisphere. 

B, MR image (2000/20) shows slightly hyperintense extraaxial mass sharply demarcated from 
compressed inferior cerebellar hemisphere and medulla oblongata (arrows). Surgery confirmed 
metastatic tumor in subarachnoid space without parenchymal extension. 





Fig. 5.—Type B loculated leptomeningeal me- 
tastasis. Medulloblastoma. Sagittal T1-weighted 
MR image (600/20) shows large suprasellar lo- 
culated metastasis infiltrating hypothalamus, 
third ventricle, and corpus callosum. Recurrent 
tumor is identified in fourth ventricle (arrow). 


Fig. 6.—Type C loculated leptomeningeal me- 
tastasis. Medulloblastoma. 

A, Noncontrast CT scan shows multilobulated 
bifrontal isodense mass with extensive paren- 
chymal edema. 

B, Contrast-enhanced CT scan shows marked 
and solid enhancement of this infiltrating metas- 
tasis. Note enhanced falx (arrows) within tumor. 
Surgery revealed large subarachnoid metastasis 
with extensive transpinal infiltration. 


Fig. 7.—Type D loculated leptomeningeal me- 
tastasis. Diagnosis proved by CSF cytology. 

A, Contrast-enhanced CT scan shows acute 
lymphocytic leukemia. Dumbbell enhanced mass 
is growing along right optic nerve. Note normal 
optic canal (arrows). 

B, MR image (200/20) shows diffuse large- 
cell lymphoma. Dumbbell mass is growing along 
left trigeminal nerve (arrows) into gasserian gan- 
glion (asrowheads). Diagnosis proved by positive 
CSF cytology and open biopsy of gasserian gan- 
glion. 
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Fig. 8.—Pineal germinoma. 

A-C, Coronal T1-weighted MR image (500/30) 
(A) and axial MR images, (2000/30) (B) and 
(2000/60) (C), show bifrontal periventricular ab- 
normal intensities, more severe on left, with ef- 
facement of frontal horns. The lesion is not well 
defined. 

D, Contrast-enhanced CT scan. Metastatic le- 
sion is markedly enhanced and sharply demar- 
cated from associated parenchymal edema 
(type C). Recurrent tumor is identified in heavily 
calcified pineal gland (arrow). Also noted is min- 
imal ependymal metastasis in right occipital horn 
(arrowheads). 


Fig. 9.—Anaplastic astrocytoma of thalamus. 

A, Unenhanced sagittal T1-weighted MR im- 
age (600/20) shows hypointense recurrent tumor 
(asterisk) and ioculated leptomeningeal metas- 
tases in suprasellar cistern and fourth ventricle 
(arrows). 

B, Gd-DTPA-enhanced sagittal T 1-weighted 
MR image (600/20) shows marked enhancement 
of tumors, which are now better defined. Addi- 
tional plaquelike enhancements of diffuse lep- 
tomeningeal metastases are noted (arrows). 
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Fig. 10.—Loculated leptomeningeal met- Fig. 11.—Loculated 


astatic melanoma without invasion of underlying 
brain cortex. There is no histologic evidence of 
brain edema or reaction. (Empty spaces are ar- 
tifactual, caused by tissue detachment at time 





A B 


Fig. 13.—Oat cell carcinoma of lung. 


leptomeningeal met- 
astatic breast carcinoma with invasion of super- 
ficial cortex and extension into Virchow-Robin 
spaces (arrows) in deep cortex. Small vacuoles 
of edema are present (arrowheads). (H and E, 
of cutting section.) (H and E, x80) x80) 


Fig. 12.—Further cortical invasion of loculated 
leptomeningeal metastatic breast carcinoma. A 
distinct pale area of cerebral edema surrounds 
the invasive carcinoma, rimmed by small vacu- 
oles (arrows). (H and E, x80) 





A, Contrast-enhanced CT scan shows 1-cm loculated subarachnoid metastasis (type A) in left sylvian fissure (arrow). Positive CSF cytology. 
B, Contrast-enhanced CT scan 7 months later. Lesion has progressed and associated with vasogenic edema (type C), mimicking parenchymal lesion. 
C, Coronal Gd-DTPA-enhanced T1-weighted MR image (600/30) better demonstrates tumor growth along sylvian fissure into brain parenchyma. 


parenchyma. When parenchymal infiltration becomes exten- 
sive and spreads farther away from the pial surface, the tumor 
loses its distinct extraaxial character and mimics a parenchy- 
mal tumor, particularly in the presence of associated paren- 
chymal vasogenic edema (type C) (Figs. 12 and 13). The most 
unusual loculated proliferation of leptomeningeal metastases 
is characterized by tumor cells trapped and growing in the 


invaginated subarachnoid space accompanying the cranial 
nerve(s) (type D). Further outgrowth of tumor may extend 
under the Schwann cell sneath of cranial nerves into the 
extradural space. This appearance may be misdiagnosed as 
cranial nerve neurilemoma (schwannoma). The lesion may 
also mimic an optic glioma if the optic nerve is involved. This 
rare type of loculated leptomeningeal metastases had been 
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noted at autopsy [4] but has not been documented in the 
radiologic literature [5, 6]. 

The loculated patterns of leptomeningeal metastasis are 
often observed as isolated lesions. In our series, only five 
(20%) of 25 cases were seen with diffuse leptomeningeal 
metastasis. Not infrequently, the loculated leptomeningeal 
metastasis was present as a single lesion (14/25, 56%). 
However, ependymal lesions along the ventricular wall tend 
to be multiple. 

Abnormal leptomeningeal contrast enhancement is nonspe- 
cific for leptomeningeal metastases and results from any 
entity causing blood-meningeal barrier abnormalities or in- 
creased leptomeningeal vascularity [7-9]. It can be appreci- 
ated on both CT and MR. However, in animal studies, MR 
has been more revealing than CT [8]. Our study indicates 
that multiplanar MR is far superior to CT, not only in deline- 
ating the exact location and extent of the loculated leptomen- 
ingeal metastases but also in detecting small plaquelike seed- 
ings undetected by CT. Gd-DTPA-enhanced T1-weighted MR 
appears to be the method of choice for imaging both loculated 
and diffuse leptomeningeal metastases. 
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Book Review 





Cerebral Computed Tomography. A Text-Atlas, 3rd ed. By Leon Weisberg and Charles Nice. Philadelphia: 


Saunders, 480 pp., 1989. $60 


It would be intriguing to look at diagnostic radiology from the 
referring physician's point of view. Some fortunate diagnostic radiol- 
ogists are or have been in clinical practice, which makes it easy for 
them. However, most diagnostic radiologists might find it harder to 
place themselves on the “other side” of their specialty. Weisberg and 
Nice have done this for you. The authors start with an interesting 
introduction summarizing why a patient is referred for brain CT. This 
is an unusual way to begin a textbook of this type, but it provides an 
example of the clinical point of view used in the work. The next 
chapter is about the physical performance of brain CT. The important 
issues of risks associated with the use of contrast material and 
exposure to radiation are covered. For someone totally unacquainted 
with the mechanics of CT, this is an interesting chapter. Once again, 
this reflects a clinical point of view. The book then goes on to discuss 
highlights of normal anatomy and localization of lesions. The apparent 
target audience for this simplified presentation appears to be practi- 
tioners not generally familiar with brain CT. Next comes a discussion 
of pathologic entities. This is done either as specific lesions, such as 
meningiomas and gliomas, or as clinically or topographically related 
entities, such as juxtasellar region abnormalities. Individual chapters 
are devoted to neurobehavioral syndromes; gait and movement ab- 
normalities, including white-matter disorders; head and face pain; and 
seizure disorders and electrodiagnostic patterns. Attempts are made 


to relate the features of the medical history, physical examination, 
electrodiagnostic tests, and other clinical findings with the CT features 
of the disease. The book also provides a cursory presentation of 
pediatric conditions, orbital CT, and treatment techniques. 

Limitations of the work include images and CT techniques that are 
not state of the art, no discussion of more modern contrast materials, 
little attempt to discuss other imaging techniques that have sup- 
planted brain CT in many diagnostic algorithms, and a simplistic 
presentation of diseases. These limitations make it difficult to use 
this book as a reference source or as an aid in deciding which imaging 
technique would be best in the diagnostic evaluation of a patient. 
Introduction to Neuroimaging by William W. Orrison, Jr. (Little, Brown) 
would serve the clinical practitioner better as an overview of neuroim- 
aging. This is a remarkably brief, inexpensive, up-to-date book that 
touches on all available techniques used in the imaging diagnosis of 
neurologic disease. The general diagnostic radiologist or clinician who 
desires a reference source on brain imaging should consider the 
second edition of Cranial Computed Tomography and MRI by Lee 
and Rao (McGraw-Hill). 
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Reversal Sign on CT: Effect of 
Anoxic/Ischemic Cerebral Injury in Children 





A retrospective study was performed to determine the clinical and pathologic features, 
etiology. and outcome of children with the reversal sign. The reversal sign, a striking 
CT finding, probably represents a diffuse, anoxic/ischemic cerebral injury. CT features 
of the reversal sign are diffusely decreased density of cerebral cortical gray and white 
matter with a decreased or lost gray/white matter interface, or reversal of the gray/ 
white matter densities and relatively increased density of the thalami, brainstem, and 
cerebellum. Twenty children with the reversal sign were retrospectively analyzed. We 
divided the patients into three groups: (1) acute reversal, (2) intermediate group, and 
(3) chronic reversal. There were nine cases of trauma (seven of child abuse): nine 
hypoxia/anoxia incidents (birth asphyxia, drowning, status epilepticus); one bacterial 
meningitis; and one degenerative encephalitis. All acute- and intermediate-group pa- 
tients had respiratory problems requiring ventilator support and intensive care. In five 
of seven patients who died, autopsy findings were consistent with anoxic/ischemic 
encephalopathy. Surviving patients have profound neurologic deficits with severe de- 
velopmental delay. The CT reversal sign carries a poor prognosis and indicates irre- 
versible brain damage. 


AJNR 10:1191-1198, November/December 1989; AJR 154:361-368, February 1990 


An anoxic/ischemic insult may cause a variety of neuropathologic abnormalities, 
including neuronal necrosis, marmoration of basal ganglia and thalami, “watershed” 
infarcts, and periventricular leukomalacia [1-3]. Sonography and CT have been 
used as the primary imaging methods for evaluation of patients with acute anoxic/ 
ischemic insults [4-13]. There are scattered reports describing diffuse cerebral 
edema on CT [14-17] and/or sonography [18]. We have noticed a distinctive CT 
appearance, the reversal sign, in a subgroup of patients with anoxic/ischemic 
cerebral injury. A few papers have reported similar CT findings [4, 6, 9] and 
increased echogenicity of the basal ganglia and thalami on sonography [10, 13]. 

The purpose of this study was to evaluate the clinical features, etiology, and 
outcome of the reversal sign in children. We have attempted to explain the 
pathopnysiology of this disorder by correlating its pathologic features in 20 patients 
with the CT findings in 10 patients who had diffuse brain edema pattern and with 
the autopsy findings in 10 patients (five who had the reversal sign and five who 
had diffuse edema). 


Materials and Methods 


Twenty patients with the reversal sign on CT scan were retrospectively analyzed. The 
patient population consisted of eight girls and 12 boys, 3 weeks to 10 years old. The reversal 
sign was defined by diffusely decreased density of the cerebral cortical gray and white matter 
with a decreased or lost gray/white matter interface, or reversal of the normal gray/white 
matter densities and a relatively increased density of the thalami, brainstem, and cerebellum 


(Fig. 1). 
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Fig. 1.—Acute reversal in 3-month-old abused child. 


A and B, Axial CT scans show diffusely decreased density of cerebral cortex with relatively 
increased density of white matter causing reversal of gray/white matter densities. A relatively 


increased density is also seen in thalami, brainstem, and cerebellum. 


For comparison, the CT scans of a randomly selected group of 10 
patients with diffuse brain edema pattern were evaluated. Diffuse 
edema was defined as generalized decreased density of the cerebrum 
with lost or diminished gray/white matter interface (Fig. 2). In this 
group, there were two girls and eight boys, ages 2 months to 9 years 
old. 

All CT scans were obtained with a GE 8800 or 9800 scanner with 
contiguous 1-cm slices. Contrast-enhanced scans were obtained in 
nine patients. CT scans were reviewed qualitatively for gray and white 
matter density; sharpness of the gray/white matter interface; density 
of the basal ganglia, brainstem, and cerebellum; ventricular size and 
shape; and size of the extraaxial CSF spaces and cisterns. 

Sonography was performed in 10 patients, ages 1 day to 11 
months, on an ATL sector real-time unit in coronal and sagittal planes. 
Sonograms were reviewed for ventricular size, brain parenchymal 
echogenicity, sulci, and fissures. 

The medical records of the children with the reversal sign and 
those with diffuse edema were reviewed for neurologic abnormalities, 
hospital course, etiology, and clinical follow-up. 

The autopsy findings in 10 patients (five with reversal and five with 
diffuse edema) were reviewed. The extent and topographic distribu- 
tion of the neuronal changes and edema in the cerebral cortex, 
cerebral hemispheric white matter, thalami, brainstem, and cerebel- 
lum were evaluated. Initially, we wondered if the low attenuation 
areas (e.g., cerebral cortex) on CT scans represented severely dam- 
aged brain and the relatively high attenuation areas (e.g., basal ganglia 
and thalami) represented less damaged brain. Therefore, the patho- 
logic specimens were evaluated to see if there was any severity 
gradient in terms of neuronal damage and edema correlating with the 
CT findings. 


Results 
CT Findings 


Patients with the reversal sign were divided into three 
groups. Group | (eight patients) were those with acute rever- 
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Fig. 2.—Diffuse edema in 1-year-old boy who 
presented with status epilepticus. Axial CT scan 
shows generalized decreased density throughout 
brain with lost gray/white matter interface. Ventri- 
cles are slitlike. 


sal: these patients had the reversal sign on the CT scan 
performed at presentation (Fig. 1). Group II (six patients) was 
the intermediate group: these patients had diffuse edema at 
presentation changing to the reversal sign 2-22 days later 
(Fig. 3). Group Ill (six patients) consisted of those with chronic 
reversal: these patients had diffuse brain atrophy and/or 
cystic encephalomalacia with reversal sign (Fig. 4). In chronic 
reversal, the attenuation of the cerebral mantel is visually 
lower than in patients with acute reversal sign and has a 
density similar to that of CSF. 

Follow-up CT findings are summarized in Figure 5. Four 
patients in group | had a follow-up CT scan 9 days to 3 weeks 
after presentation, and all showed chronic reversal sign (Fig. 
6). Two of three patients in group II had a follow-up CT scan 
within 3-6 weeks that showed chronic reversal sign. In con- 
trast, two patients with diffuse edema pattern had a follow- 
up within 4-6 weeks that showed diffuse brain atrophy but 
no reversal sign. 

Contrast-enhanced scans were available in nine patients. 
None showed abnormal enhancement. In five patients, there 
was a subtle decrease in contrast between the areas of 
decreased attenuation and those of relatively increased atten- 
uation resulting in a less apparent reversal sign (Fig. 7). 


Clinical Data 


Causes of reversal sign and diffuse edema pattern among 
our patients are summarized in Table 1. 

In the reversal group, there were nine patients with trauma 
(seven resulting from child abuse), nine patients with anoxia 
(five caused by birth asphyxia, two cardiopulmonary arrests), 
and two others (one with viral encephalitis and one with 
degenerative encephalitis). All patients, with the exception of 


AJR:154, February 1990 CT 


Fig. 3.—4-month-old abused child in inter- 
mediate graup. 

A, Initial CT scan shows diffuse decreased 
attenuation throughout brain with lost gray/white 
matter interface consistent with diffuse edema. 
Subarachnoid hemorrhage is seen in interhemi- 
spheric fissure posteriorly. 

B, 2 days later, CT scan shows generalized 
low attenuation throughout cerebrum, more se- 
vere on left. Relatively high attenuation is seen 
in region of basal ganglia, thalami, brainstem, 
and cerebellum. 


Fig. 4.—Chronic reversal in 3-week-old with 
history of fetal distress and birth asphyxia. 

A and B, Axial scans show generalized de- 
creased attenuation throughout brain with rever- 
sal of gray/white matter density. Density of pa- 
renchymal low attenuation areas was same as 
that of CSF, representing cystic encephaloma- 
lacia. Relatively high attenuation is seen in thal- 
ami, brainstem, and cerebellum. Volume of white 
matter is decreased. 


one child in group Ill with degenerative encephalitis, had 
severe respiratory problems requiring ventilator support and 
a Stay in the intensive care unit. Seven of the 20 patients with 
reversal sign died. Four of these were group | patients with 
acute reversal sign. One was a group II patient and two were 
group III patients with chronic reversal sign. All died within 7 
days of the initial CT scan except for one with chronic reversal 
sign who died 5 weeks after the CT scan. All 13 surviving 
patients have profound neurologic deficits with severe devel- 
opmental delay on clinical follow-up. 

In the diffuse edema group, there were five patients with 
trauma (no cases of child abuse). Four patients suffered 
anoxic insults, including status epilepticus and drowning, and 
one patient had Haemophilus influenzae meningitis. All had 
severe respiratory problems requiring ventilator support and 
intensive care. Seven of 10 patients with diffuse edema died 
within 10 days of the initial CT scan. Two surviving patients 
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had severe neurologic deficits on clinical follow-up. One of 
three patients was lost to follow-up. 


Sonographic Findings 


Three patients had sonography during the acute stage of 
their illness. Four patients had sonography during the chronic 
stage. Three patients had serial sonography from the acute 
to chronic stages. 

Four of six patients who had sonography during the acute 
illness, regardless of their classification on CT scan, showed 
a pattern of diffuse edema evidenced by increased parenchy- 
mal echoes, slit ventricles, and obliteration of sulci anc fis- 
sures (Fig. 8). One patient had normal sonography during the 
acute illness. One patient with suspected aqueductal stenosis 
showed ventriculomegaly and evidence suggestive of diffuse 
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i Fig. 5.—Follow-up CT findings in patients with 
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brain edema. Among six patients who had sonography during 
their acute illness, one showed increased echogenicity in the 
caudate nucleus, and two showed subtle, increased echogen- 
icity in the thalami. All seven patients who had sonography 
during the chronic stage showed evidence of diffuse brain 
atrophy. Four of them showed cystic encephalomalacia (Fig. 
9). The caudate nucleus and thalami were diffusely echogenic 
in one patient (Fig. 9). The rest of the patients showed well 
preserved thalami even when there was extensive cystic 
encephalomalacia in the cerebral mantel. 


Pathologic Findings 


Reversal Group (five patients). In group | (four patients), 
two brain sections were available for study. One showed 
severe, acute neuronal necrosis and marked edema in the 
cerebral cortex and white matter. The other had petechial 





Fig. 6.—Acute to chronic reversal in 3-month- 
old abused child. 

A, Initial CT scan shows acute reversal sign. 

B, 2-week follow-up shows chronic reversal 
with evidence of brain atrophy. 


hemorrhages within the brainstem, mild neuronal changes, 
and mild edema. 

One patient in group Il had extensive acute neuronal 
changes and edema without evidence of a severity gradient, 
either for neuronal damage or for edema. As in one group | 
patient, petechial hemorrhages were seen in the brainstem 
and cerebellum (Fig. 10). 

Two brains with CT findings of chronic reversal (group Ill) 
were available for study. Both showed extensive gray and 
white matter atrophy with cyst formation and had a strong 
gradient of severity of damage decreasing from the cerebral 
hemispheres to the thalami, cerebellum, brainstem, and spinal 
cord (Fig. 11). In both cases, there was a prominent gliosis 
present in areas of neuronal loss. One brain showed severe 
neuronal depletion in the cerebral cortex, basal ganglia, and 
thalami. The latter two sites showed no cyst formation, but 
there were mineralized neurons in the thalami (Fig. 11C). 
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Fig. 7.—Acute reversal in 6-week-old abused 
child. 

A, Precontrast scan shows reversal sign with 
relatively increased attenuation in basal ganglia, 
thalami, and braimstem. Subarachnoid and sub- 
dural hemorrhages are seen posteriorly. 

B, Postcontrast scan shows subtle decrease 
in contrast between areas of decreased density 
and relatively increased density resulting in less 
apparent reversa! sign. No area of significant 
enhancement is seen. 


A 


TABLE 1: Causes of Reversal Sign and Diffuse Edema 





Trauma Anoxia Other 
5 (3 child abuse) 3 (1 birth asphyxia) 0 








Acute reversal 
Intermediate 
group 4 (4 child abuse) 1 1 
Chronic reversal 0 5 (4 birth asphyxia) 1 
Diffuse edema 5 (0 child abuse) 4 1 
mms ee SS Se ee ee ee ee ee 


Diffuse Edema Group (five patients). All five patients 
showed a severe degree of gray and white matter edema and 
acute cytologic changes indicative of neuronal damage. In 
four of five cases, sufficient material was available to evaluate 
the topographic distribution and extent of neuronal changes 
and edema in the cerebral cortex, cerebral hemispheric white 
matter, thalami, brainstem, cerebellum, and cerebellar white 
matter. All four brains showed a definite gradient of neuronal 
changes most severely affecting the cerebral gray matter and 
to a much lesser degree the brainstem and cerebellum. In 
contrast, nosgradient in the severity of edema was present in 
three of four patients in whom an approximately even degree 
of edema was seen supra- and infratentorially. These findings 
suggest that there is a good correlation between the extent 
of edema and decreased density on CT scans. However, the 
CT findings do not appear to correlate with the extent and 
distribution of neuronal damage. The fourth case revealed a 
normal cerebellum on CT that correlated with minimal neu- 
ronal changes and no evidence of edema in this site, whereas 
other structures, including thalami and brainstem, showed 
severe edema and moderately severe neuronal changes that 
correlated with decreased density on CT. 


Discussion 


Over the last 6 years, we have noticed a distinctive CT 
appearance in a subgroup of patients with anoxic/ischemic 
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injury, which we have termed the reversal sign. In children 
with the reversal sign, there is diffuse decreased attenuation 
of the cerebral cortex with a relative preservation of density 
in the thalami, brainstem, and cerebellum. 

Shewmon et al. [4] reported four infants who showed areas 
of increased attenuation 1-2 weeks after severe brain ische- 
mia; the structures most frequently involved were the basal 
ganglia and thalami, which enhanced after injection of contrast 
material. Autopsy of one infant revealed an extremely dense 
neovascular network that had almost completely replaced the 
parenchyma in the areas that showed increased attenuation 
on CT. These authors postulated that the hypoxia induces 
marked capillary proliferation in regions of normally high me- 
tabolism and capillary density. This pathologic change is a 
Stage in the organization of ischemic brain damage reflecting 
the infant's vascular plasticity [4]. In our patients, however, 
none of those who had a contrast-enhanced scan showed 
significant enhancement in the areas of relatively high atten- 
uation on precontrast scans. In fact, in five of nine patients 
who had contrast scans, there was a subtle decrease in the 
contrast between the central areas of relatively increased 
attenuation and the surrounding areas of decreased atten- 
uation, resulting in a less apparent reversal sign. 

In correlating the CT and pathologic findings in our patients 
with the reversal sign, we found that two patients with acute 
and intermediate reversal sign showed petechial hemorrhages 
in the areas of relatively increased attenuation on CT. In the 
chronic reversal group, the low attenuation areas on CT 
indicated severe brain atrophy with or without cyst formation, 
while the higher attenuation areas correlated with partially or 
totally preserved brain tissue. One patient with chronic rever- 
Sal showed extensive neuronal loss with mineralized neurons 
within the thalami, which may explain the increased attenua- 
tion on CT. In the acute, diffuse edema group, the CT scan 
does not appear to provide information as to the extent and 
distribution of neuronal damage. However, there is good 
correlation between the extent of edema and low density on 
Gi. 
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Fig. 10.—Pathol- 
ogy of 4-month-old 
abused child in in- 
termediate group. 
Histomicrograph of 
brainstem shows pe- 
techial hemorrhages 
(arrows), possibly 
explaining increased 
density in this area 
on CT scan. Neuro- 
pilar §vacuolization 
(edema) and acute 
neuronal changes 
also are seen. 





The pathogenesis of the reversal sign is not known. How- 
ever, there are several factors that may play an important 
role, including mechanical, hemodynamic, chemical, and met- 
abolic factors. Myers [19], experimenting with asphyxia in 
newborn monkeys, suggested a mechanical factor for relative 
preservation of the central areas of brain. In an animal that 
was sacrificed 6 days after it was asphyxiated, the brain 
showed extensive tissue necrosis of all areas of the cerebrum, 
except for the thalami, hypothalami, and medial temporal 
lobes. The demarcation between the abnormal and intact 
tissue did not respect known nuclei, fiber tracts, or vascular 
territories (Fig. 12). According to a discussion of the subject 
by Myers [19], the central preservation is due to transtentorial 
herniation during the acute edema state. The pressure ex- 
erted by the expanding cerebral mass upon the tissue in the 
vicinity of the incisura would partially be relieved as herniation 
proceeds through the incisura. This locally reduced tissue 
pressure likely increases rather than decreases blood flow. 
The improved tissue perfusion may then delay or prevent 
tissue necrosis of the centrally placed region. 

As discussed previously, Shewmon et al. [4] suggested 
postischemic hypervascularity as an explanation for increased 
attenuation in the basal ganglia and thalami. Bird et al. [9] 
recently reported three children with a reversal sign. The brain 
specimen in one of these children showed multiple distended 
deep medullary veins in the cerebral white matter, which 
showed increased density on CT scans. It was suggested 
that the reversal sign could be from distention of deep med- 
ullary veins caused by partial obstruction of venous outflow 
from elevated intracranial pressure. 
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Fig. 8.—1-day-old baby with acute brain 
edema caused by severe birth asphyxia. Coro- 
nal sonogram shows diffuse increased paren- 
chymal echogenicity, slit ventricles, and oblit- 
eration of sulci and fissures consistent with 
brain edema. 


Fig. 9.—1-month-old baby with chronic 
changes of hypoxic/ischemic insult caused by 
severe birth asphyxia. Parasagittal sonogram 
shows echogenic caudate nucleus (CN), thalami 
(T), and areas of cystic encephalomalacia (ar- 
rowheads) in brain. LV = lateral ventricle. 


Chemical and metabolic factors may be related to the 
pathophysiology of the reversal sign. It is known experimen- 
tally that serum glucose concentration and the duration of the 
anoxic insult is critical in determining both the occurrence of 
brain injury and its distribution [6, 20, 21]. The elevated serum 
(brain) glucose concentration during anoxia/ischemia Causes 
preferential damage to the convexity cerebral cortex and 
basal ganglia with relative preservation of the thalami and 
brainstem. This is the frequently seen clinical pattern of an- 
oxic/ischemic brain damage and it appears as one of the 
possible pathologic substrates resulting in the reversal sign 
on CT. In contrast, in slightly hypoglycemic experimental 
animals, a frequent pattern of anoxic/ischemic brain damage 
affects preferentially brainstem and thalami. The presence of 
increased serum glucose concentration changes the acute 
and chronic brain pathologic outcome dramatically. The rea- 
son for preferential damage to the cerebral cortex and basal 
ganglia in the hyperglycemic state has not been well under- 
stood. However, areas in which there is high metabolic activity 
have increased vulnerability to an anoxic/ischemic insult 
[22]. 

In comparing the reversal and diffuse edema groups, the 
acute and intermediate reversal groups appear to be highly 
associated with child abuse. Of the nine children who had 
head trauma resulting in acute or intermediate reversal signs, 
seven were considered to be abused children. In contrast, 
none of five children who had trauma in the diffuse edema 
group were abused. In a large percentage of abused children 
in this series, the reversal sign may have been caused by 
repeated, traumatic, edema-induced hypoperfusion of the 
brain, in turn, resulting in stress-induced hyperglycemic cer- 
ebral patterns of anoxic injury. 

Only tentative conclusions from our pathology data appear 
warranted given the relatively small number of studies and 
the fact that no complete CNS examinations for topographic 
evaluation were available in patients with acute reversal sign 
and with initial diffuse low density followed by reversal sign. 
In the acute and subacute phases, the relatively high density 
of centrally located brain structures may correlate with (a) a 
lesser degree of edema and (b) the presence of petechial 
hemorrhages (Fig. 10) , while (c) the extent of acute neuronal 
damage fails to correlate with CT density. In the chronic 
stage, a good correlation exists between cystic tissue de- 
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Fig. 11.—Pathology of chronic reversal 
shows gradient of:severity of damage decreas- 
ing from cerebral hemispheres to thalami, brain- 
stem, and cerebelium. 

A, Cerebral cortex shows diffuse atrophy and 
contains practically no neurons. Cystic areas 
are surrounded by gliosis containing blood ves- 
sels and astrocytes. 

B, Basal ganglia shows gliosis and neuronal 
loss. No cyst is seen. 

C, Thalamus, which showed relatively high 
attenuation on CT scan, shows no preserved 
neurons, but has mineralized neurons. 

D, Relatively well preserved cerebellum. 


Struction and lew density areas on CT. Areas of relatively 
increased density on CT scan may also represent either 
preserved brain tissue or selective neuronal necrosis with 
mineralized neurons. The latter change occurs in areas of 
subtotal damage affecting a variable percentage of neurons 
and leading to calcium salt encrustation of some irreversibly 
damaged neurons, which nonetheless remain within the tissue 
(Fig. 11C). 

Although children with both the reversal sign and diffuse 
edema pattern represent severe brain damage, a higher mor- 
tality rate was associated with the diffuse edema group. The 





Fig. 12.—Coronal section of brain in newborn monkey killed 6 days after 
marked partial asphyxia. Extensive tissue necrosis of all areas of cerebrum 
is seen except for centrally located areas including thalami, hypothalami, 
and medial temporal lobes with definite demarcation (arrowheads). De- 
marcation betweern-abnormal and intact tissue did not respect nuclei, fiber 
tracts, or vascular territories. (From [19]. Reproduced by permission of the 
publisher.) 
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mortality was 35% in the reversal group (36% in reversal 
groups | and Il) and 70% in the diffuse edema group. All the 
children with the reversal sign either died or suffered severe, 
irreversible brain damage. 

The sonographic appearance of increased echogenicity in 
the thalami and basal ganglia has been described in term 
infants with a history of perinatal asphyxia [10, 13]. According 
to Hertzberg et al. [13], this finding was generally seen in the 
second week after asphyxia. In some of their reported cases, 
the increased thalamic echogenicity was a transient finding. 
Regardless of our classification on CT scan, sonography 
showed a generalized edema during acute illness and diffuse 
brain atrophy with or without cystic encephalomalacia in the 
chronic stage. Echogenic basal ganglia and thalami are seen 
in both acute and chronic stages. Unlike the CT scan, sonog- 
raphy failed to show distinct features comparable to the 
reversal sign on CT. 

In summary, the reversal sign represents severe anoxic/ 
ischemic brain injury and carries a poor prognosis with irre- 
versible brain damage. The acute reversal sign is highly 
associated with child abuse. Possible explanations for rever- 
Sal sign include preserved brain tissue, petechial hemorrhage, 
and mineralized neurons for high-density areas on CT. and 
severe edema and/or tissue destruction for low-density areas 
on CT. 
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High-Intensity Basal Ganglia 
Lesions on T1-Weighted MR 
Images in Neurofibromatosis 





Basal ganglia lesions, characterized on MR by increased signal intensity on T1- 
weighted images, were observed in seven patients with documented neurofibromatosis. 
These lesions most often involved the globus pallidus and internal capsules in a bilateral 
and symmetric fashion, and extended across the anterior commissure resulting in a 
“dumbbell” configuration. Smaller and less prominent foci of increased signal also were 
present on corresponding T2-weighted images. These lesions did not exhibit mass 
effect, edema, or enhancement with gadolinium-DTPA. They were not visible on CT 
(performed in two patients) and demonstrated no progression during a 2-year interval 
in three patients. Their signal characteristics and morphology suggest that they repre- 
sent heterotopias containing Schwann cells and/or melanin deposits. Migrational ab- 
normalities of these neural crest derivatives are known to occur in neurofibromatosis, 
and the presence of such heterotopias has been documented pathologically in patients 
with this disorder. 

While recent reports discuss foci of increased signal intensity on T2-weighted MR 
images in patients with neurofibromatosis, signal abnormalities on T1-weighted images 
have not yet been described. When lesions characterized by similar signal as well as 
morphologic characteristics are encountered on MR, the diagnosis of neurofibromatosis 
should be considered. 


AJNR 10:1159-1163, November/December 1989; AJR 154:369-373, February 1990 


Neurofibromatosis (NF) is the most common of the phakomatoses, occurring in 
1/3000 births [1]. This disorder is transmitted as an autosomal dominant trait, 
although spontaneous mutations are responsible for half the cases [1]. While the 
expression of the genetic defect is highly variable among individual patients, 
intracranial abnormalities account for some of the most frequent and disabling 
features. CNS neoplasia occurs in the form of optic nerve and chiasm gliomas, 
other varieties of astrocytomas, meningiomas, and cranial nerve schwannomas [2- 
4] and is the most frequent cause of death in children with this disease [5]. Patients 
also are predisposed to CNS dysplasia, which may manifest with a wide spectrum 
of hamartomatous or heterotopic lesions within the brain and spinal cord [2, 4]. 
Other anatomic abnormalities that affect the CNS include meningocele, aqueductal 
Stenosis, arachnoid cysts, hydrocephalus, macrocranium, cerebrovascular occlu- 
sions, cytoarchitectural anomalies, and syringomyelia [2, 4]. In addition to the 
neurologic deficits that often result from these anatomic lesions, patients with NF 
are subject to intellectual handicaps, including mental retardation, as well as 
headaches, speech impediments, seizures, and other disorders for which a clear 
origin has not been found [1, 2]. 

Recent reports have described the effectiveness of MR imaging in the detection 
of CNS lesions in patients with NF [6-12]. In general, these studies have found 
MR to be more sensitive than CT in demonstrating the presence of neoplasms and 
in defining their extent [7, 9]. Several reports describe the frequent identification of 
foci of hyperintensity on T2-weighted MR images that do not correspond to 
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abnormalities on CT or on T1-weighted images [6, 7, Ti 
12]. The apparently benign features associated with these 
lesions and the absence of associated neurologic deficits 
have led most authors to suggest that the lesions represent 
hamartomas or heterotopias [6, 7, 11, 12]. 

Although these studies report routine use of T1- and T2- 
weighted sequences, none has described lesions that 
demonstrate significantly increased signal intensity on T1- 
weighted images. We have recently encountered seven chil- 
dren with NF in whom MR has demonstrated unusual lesions 
involving the basal ganglia characterized by bright signal 
intensity on T1-weighted images. 


Subjects and Methods 


A review of cranial MR examinations in 35 patients with docu- 
mented NF revealed seven patients who demonstrated foci of in- 
creased signal intensity on T1-weighted images. These patients 
included five females and two males ranging in age from 3 to 17 
years (mean, 12 years). 

MR was performed on two separate superconducting units” Op- 
erating at 0.5 and 1.5 T. Images were acquired by using spin-echo 
multisection technique. TRs ranging from 300-750 and TEs ranging 
from 15-35 resulted in relatively T1-weighted images. A double-echo 
pulse sequence was used to obtain relatively spin-density- and T2- 
weighted images. TRs ranged from 1500-3100, with first-echo TE of 
35 and second-echo TE of 90-120. A slice thickness of 5-10 mm 
was used, and images were variably obtained in all orthogonal planes. 
Patients were not sedated for the examination. 

Two of the patients underwent CT scanning,’ which was performed 
before and after administration of IV contrast material. Contiguous 
transaxial images were obtained by using a slice thickness of 8 mm. 


Results 


Areas of increased signal intensity relative to cerebral white 
matter were observed in the basal ganglia region on T1- 
weighted images in all seven patients (Figs. 1-3). This process 
was bilateral in all cases and usually symmetric. The globus 
pallidus and portions of the internal capsule were involved in 
all patients. Apparent extension of signal abnormality across 
the anterior commissure, resulting in a “dumbbell” configura- 
tion, was present in six of the seven patients. The posterolat- 
eral aspects of the thalami appeared to be involved in five 
patients, and in one patient there were foci of increased 
intensity within the corpus callosum. On T2-weighted images 
foci of increased signal intensity were demonstrated within at 
least a portion of the above-described areas in all patients. In 
five of the seven patients the extent and conspicuity of 
hyperintensity on T2-weighted images were considerably 
more limited than the hyperintensity seen on T1-weighted 
images. In other words, some of the tissue displaying in- 
creased intensity on T1-weighted scans was of normal signal 
intensity on T2-weighted images in these patients. In one 
patient the distribution of hyperintensity on T1- and T2- 
weighted images was equivalent, and in the remaining patient 








* Magnetom, Siemens, Iselin, NJ. 
t DR-3, Siemens, Iselin, NJ. 
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T2-weighted images demonstrated more extensive involve- 
ment. On all pulse sequences, the areas involved by abnormal 
signal intensity were smoothly marginated, although some- 
what nodular in appearance and without associated mass 
effect or edema. IV Gd-DTPA was administered in two pa- 
tients, and no evidence of abnormal enhancement related to 
these basal ganglia signal abnormalities was noted. Multiple 
MR examinations were performed in three patients, covering 
an approximate time span of 2 years in all patients. Although 
these examinations varied significantly in terms of pulse se- 
quences, imaging planes, and slice thicknesses used, as well 
as field strength, there was no definite evidence of change in 
the signal abnormalities. CT scans were performed before 
and after administration of IV contrast material in two patients, 
and revealed no abnormalities that correlated with these 
signal alterations. Numerous abnormalities were observed on 
MR in these patients in addition to the signal changes de- 
scribed above; these are listed in Table 1. 


Discussion 


Recent studies concerning MR in patients with NF describe 
focal areas of increased signal intensity on T2-weighted im- 
ages as a frequent observation [6-12]. These lesions are 
characterized by an absence of mass effect or surrounding 
edema and apparently are not associated with focal neuro- 
logic deficits. The frequency of these lesions as cited in recent 
series has been 23/53 patients [12], four/four patients [11], 
and nearly half of 15 patients [6]. The most frequent location 
reported is the basal ganglia [6, 7, 11, 12]. In those reports 
that further specify location, the globus pallidus is the most 
frequent site, often with bilateral involvement [11]. Extension 
of basal ganglia lesions into the internal capsules, as de- 
scribed in our cases, has also been reported [12]. 

While histopathologic correlation has been lacking, the 
apparently benign features of these lesions has led the au- 
thors of these studies to conclude that the lesions most likely 
represent hamartomas or heterotopias [6, 7, 11, 12]. This is 
stated, of course, with the proviso that the limited ability of 
MR to predict histopathology does not allow for the exclusion 
of a low-grade tumor without serial studies. The nature of the 
constituents of these hamartomatous lesions has not been 
addressed in previous reports. This is presumably because 
prolongation of T2 relaxation occurs with a wide variety of 
pathologic lesions and therefore confers almost no specificity 
regarding tissue composition. The observation of lesions man- 
ifesting increased signal intensity on T1-weighted images, 
however, is unusual, and such signal behavior has been 
associated with relatively few tissues. These tissues include 
lipids and paramagnetic species of iron as contained within 
hemoglobin degradation products such as methemoglobin 
[13] or melanin (melanoma) [14]. Further consideration of the 
source of the unusua! signal behavior of the lesions we 
encountered requires a review of some of the basic patho- 
physiologic aspects of NF. 

The diverse forms of pathology that occur in NF are under- 
stood through consideration of NF as a neurocristopathy, or 
complex disorder of the neural crest [1, 15, 16]. From their 


AJR:154, February 1990 


MR OF NEUROFIBROMATOSIS 371 





Fig. 1.—A, T1-weighted image (750/21) at 1.5 T shows increased signal intensity involving globus pallidus and internal capsule bilaterally (straight 
arrows) that was without interval change since a previous examination 2 years earlier. A pericallosal lipoma is also seen (curved arrow). CT revealed no 


evidence of basal ganglia abnormalities in this patient. 


B, T1-weighted image at another level better demonstrates posterior extent of increased signal intensity, as well as involvement of anterior commissure 


(arrow). 


C, Coronal T2-weighted image (3100/90) shows mildly increased signal intensity involving basal ganglia region on the right only (arrow). 


Fig. 2.—A, T1-weighted image (750/21) at 1.5 
T demonstrates confluent nodular areas of 
hyperintensity involving globus pallidus and in- 
ternal capsule bilaterally (wide arrows) with ex- 
tension across the anterior commissure (thin 
arrow), resulting in a “dumbbell” configuration. 

B, T2-weighted image (3200/90) at a compa- 
rable level. There are small nodular foci of 
increased intensity within globus pallidus and 
internal capsule bilaterally. The extent and mor- 
phology of signal abnormality shown here differ 
considerably from those seen on corresponding 
T1-weighted image. 


origin along the dorsal surface of the embryonic neural tube, 
the multipotential cells of the neural crest migrate throughout 
the embryo [17]. The timing and path of their migration as 
well as their subsequent differentiation into various special- 
ized cell types is-regulated by intrinsic as well as extrinsic or 
environmental factors [18, 19]. Among the major neural crest 
derivatives formed as a result of this process are cephalic 
mesenchyme, leptomeninges, sensory ganglia of cranial 
nerves, sympathetic and parasympathetic ganglia and plex- 
uses, spinal ganglia, Schwann cells, and pigment cells [18, 
20]. Failure in the controls that regulate the formation, migra- 
tion, and differentiation of neural crest cells results in the 





formation of dysplastic and neoplastic aggregations of the 
neural crest derivatives listed above [15]. We describe two of 
these derivatives in terms of the possible nature of the MR 
signal abnormalities encountered. 

Schwann cells are involved in many common manifestations 
of NF. Neoplastic proliferation of these cells results in schwan- 
nomas or neuromas of the cranial nerves (particularly cranial 
nerves eight and five), which are closely associated with NF. 
Similar tumors may involve the spinal nerves and ganglia. 
Schwann cells, along with fibroblasts and other tissues, are 
also major components of the neurofibromas and occasional 
neurofibrosarcomas, which are the hallmark of this disease. 
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TABLE 1: Additional Abnormalities Demonstrated on MR 
Images 











pam Age Gender Additional MR Abnormalities 
1 12 F OC and ON glioma; pericallosal lipoma 
2 10 P Sphenoid dysplasia; buphthalmos 
3 14 F OC and ON glioma extending along OT 
4 17 F OC and ON glioma; infarct 
5 17 F Third ventricular mass; cutaneous NFs 
6 3 M Macrocephaly; ON glioma; plexiform NF 
Fi 9 M Cerebellar mass 





Note.—OC = optic chiasm, ON = optic nerve, OT = optic tract, NF = 
neurofibroma. 


Although neoplasms of Schwann cells are more frequent and 
widely recognized, hamartomatous collections of Schwann 
cells also occur in association with NF [4]. Aggregations of 
ectopic Schwann cells, or schwannosis, within the CNS have 
been encountered most often in the spinal cord [21, 22]. 
Hamartomas containing Schwann cells have also been doc- 
umented in the cerebral cortex and basal ganglia [23]. Addi- 
tional components of such lesions include meningeal cells, 
neuroglia, and blood vessels, as well as other neural crest 
tissues [23]. 

The signal behavior of the lesions we describe could be 
explained, at least in part, by the presence of ectopic 
Schwann cells within the basal ganglia. Myelinated regions in 
the brain routinely result in relatively increased signal intensity 
on T1-weighted images as compared with cortex and deep 
gray matter, CSF, and most other components of the image 
[24]. That the lesions in our patients were hyperintense 
relative to surrounding white matter can potentially be ex- 
plained by a denser clustering of myelinated fibers within the 
lesions. The observation of smaller foci of increased signal on 
T2-weighted images could presumably be due to tissues other 
than Schwann cells (e.g., neuroglia) within the hamartomas, 
or could result from reactive gliosis leading to increased water 
content. 
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Fig. 3.—A, T1-weighted image (750/20) at 1.5 
T shows increased signal intensity (arrows) in- 
volving globus pallidus and a portion of the in- 
ternal capsules bilaterally. Extension of signal 
abnormality across anterior commissure is again 
noted. 

B, Corresponding T2-weighted image (2200/ 
90) also demonstrates hyperintense foci involv- 
ing a similar distribution, although a more nodu- 
lar morphology is demonstrated. 


The second neural crest derivative to be considered is the 
melanocytes, or pigment cells. All pigment cells throughout 
the body, except for those in the retina, originate as stem 
cells in the neural crest [25]. Among the areas to which they 
normally migrate are the leptomeninges, particularly pia mater, 
and the entire CNS [26]. Disruption in this migration also 
occurs in patients with NF, resulting in many characteristic 
features such as cafe-au-lait spots, axillary and intertriginous 
freckling, cutaneous hyperpigmentation, and Lisch nodules 
(melanocytic hamartomas of the iris) [1, 5, 27]. Hamartoma- 
tous collections of melanocytes have also been described 
within the brain in patients with NF [23, 28]. In such cases, 
pigment cells that appear to arise from the pia mater migrate 
along perivascular sheaths [21, 28] resulting in intracerebral 
masses of melanin in various locations, including the basal 
ganglia [28]. 

Several studies have described increased signal intensity 
on T1-weighted MR of intracranial metastases from malignant 
melanotic melanoma [29, 30], presumably related to the 
paramagnetic properties of free radicals in melanin [14, 29]. 
We are not aware of any reports in which melanin deposits 
have been identified by MR in the brain in conditions other 
than melanoma metastases. The documented association 
between intracranial melanin deposits and NF leads one to 
consider melanin as a possible contributor to the signal char- 
acteristics of these lesions on T1-weighted MR. Since mela- 
noma metastases characterized by shortened T1 also usually 
show evidence of shortened T2 relaxation [14, 29, 30], the 
presence of small foci of increased signal on T2-weighted 
images would have to be accounted for by associated gliosis 
or additional tissue elements within the hamartomatous le- 
sion. 

The neuropathologic studies cited above provide a basis 
for suggesting the presence of either ectopic Schwann cells 
or melanocytes within hamartomatous malformations in pa- 
tients with NF. Experience with MR has shown that either of 
these tissues is capable of contributing to shortening of T1 
relaxation. Pathologic studies indicate that both Schwann 
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cells and melanocytes may occasionally be found together in 
NF. This association occurs, for example, in the form of 
melanocytic schwannomas [15, 21, 31], and some authors 
State that Schwann cells may actually be capable of producing 
melanin [21]. The lack of autopsy material in our patients 
Clearly precludes any definitive statements regarding the na- 
ture of the lesion observed. These neuropathologic studies, 
however, support speculation that the basis for the increased 
signal on T1-weighted MR may relate to inclusion of Schwann 
cells or melanocytes or both within heterotopic or hamarto- 
matous lesions of the basal ganglia. 

The significance of cerebral heterotopias in NF patients is 
unknown. It has been suggested that such lesions may con- 
tribute to the high frequency of mental retardation, learning 
disabilities, and other related deficits, as well as possibly 
serving as a focus for seizures [11]. Others believe that such 
lesions are preneoplastic and the probable origin of the many 
types of tumors that afflict patients with this condition [22]. 
MR promises to contribute significantly to the understanding 
of this disease by providing a means of noninvasively moni- 
toring the progression of such lesions over time. Follow-up 
imaging in our limited series revealed no evidence of lesion 
progression. However, longitudinal studies of larger numbers 
of NF patients will have to be performed to further assess 
lesion stability. 

In summary, basal ganglia lesions characterized on MR by 
increased signal intensity on T1-weighted images, with 
smaller foci of hyperintensity of T2-weighted images, were 
observed in seven patients with NF. The signal characteristics 
of these lesions as well as neuropathologic information avail- 
able suggest that such lesions represent heterotopias or 
hamartomas that contain Schwann cells or melanocytes or 
both. When lesions characterized by signal and morphologic 
characteristics similar to those described are encountered on 
MR, the diagnosis of NF should be considered. 
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Book Review 





Pernkopf Anatomy. Atlas of Topographic and Applied Human Anatomy, 3rd ed. Vol. 1. Head and Neck. Edited 
by Werner Platzer. (Translated by Harry Monsen.) Baltimore: Urban & Schwarzenberg, 371 pp., 1989. $175 


Pernkopf’s atlas of anatomy always has been a classic in the field 
because of the superb illustrations and accurate details of all of the 
drawings. As with previous editions, the third edition of the atlas 
comes in two separate volumes. Volume | (which is the subject of 
this review) includes the head and neck. Volume II includes the thorax, 
abdomen, and extremities. The second edition was published in 1980. 
This recent edition was translated from the atlas first published in 
Germany in 1987. 

Some interesting innovations were carried out in the third edition. 
Because new imaging methods have expanded so rapidly, it was 
thought wise not to try to include examples of each one. Rather than 
picking through and choosing various imaging techniques, the editor 
omitted all radiographic studies. Labeling of all diagrams has been 
changed to correspond to contemporary usage. This greatly facili- 
tates easy perception of the illustrations. New sections have been 
added, including a new chapter on cleavage lines, regions, points, 
and lines for orientation. Additional illustrations of the brain, some of 
the deep fossae of the face, the musculature of the face, and 
superficial arteries and veins of the face and calvarium have been 
added. The best of previous illustrations have been retained. The 
number of figures has been increased from 338 to 403. Inasmuch as 
radiographs have been eliminated, this means that even a greater 
number of fine anatomic drawings have been included. 

As with all atlases, the descriptive legends are quite brief, leaving 
the student to acquire much of the functional details of the anatomy 
from other texts. Some minor topics of disagreement on anatomic 
facts appear in this edition as in any other text on anatomy. For 


example, the levator veli palatini muscle is shown to be deep to the 
pharyngobasilar fascia on most of the illustrations. Most of these 
discrepancies are relatively minor. 

Although the anatomic features are not illustrated in a sectional 
manner, as is seen in modern radiologic imaging, this atlas still is 
recommended as an extremely valuable tool to any practicing radiol- 
ogist. Orienting most of the structures of the head and neck to the 
clinical setting should not be difficult. Some of the diagrams that were 
added correlate nicely to surgical landmarks. For this reason and 
because of the quality of the illustrations, the atlas should be valuable 
to those who perform interventional procedures or surgical proce- 
dures about the head and neck. The book also is recommended to 
beginning residents, medical students, and technologists who are 
interested in a fast comprehension of the difficult regions of the 
anatomy of the head and neck. Some of the health professionals in 
paramedical fields probably will find the book too detailed. 

In summary, the high-quality illustrations of regional head and neck 
anatomy make this an extremely valuable reference book. The im- 
provements over the second edition are helpful but not earth shaking. 
A deficiency that might be perceived by the radiologist is the rather 
limited number of cross-sectional illustrations that accompany the 
detailed drawings of dissections. 
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Three-Dimensional Gradient- 
Recalled MR Imaging as a 
Screening Tool for the Diagnosis 
of Cervical Radiculopathy 





The purpose of the study was to implement and assess a fast-screening, three- 
dimensional Fourier transformation (3DFT) MR sequence for the cervical spine. This 
sequence maintains adequate signal-to-noise and image contrast similar to gradient- 
recalled echo two-dimensional Fourier transformation (2DFT) imaging. Thirty patients 
with radiculopathy were examined with 3DFT gradient-recalled echo imaging. The data 
set consisted of 60 contiguous 1.5- to 2.0-mm-thick axial slices with a total coverage of 
9 to 12 cm. In 10 patients, comparison was made with 4-mm-thick axial T1-weighted 
spin-echo 2DFT or gradient-recalled echo 2DFT studies. With the use of a volume 
acquisition, adequate signal-to-noise and image contrast similar to T2*-weighted gra- 
dient-recalled echo 2DFT acquisitions were obtainable. Coverage was improved despite 
the use of thinner sections without interslice gap. Thin-section 3DFT provided superior 
detail of acquired foraminal and spinal canal stenosis and disk morphology. Limitations 
included increased sensitivity to patient motion and “wraparound” artifact in the slice- 
select direction. 

Overall, diagnostic confidence was improved with 3DFT owing to the reduction of 
partial volume artifact. We have adopted this technique as the primary screening method 
for diagnosing cervical radiculopathy. 


AJNR 10:1263-1271, November/December 1989; AJR 154:375-383, February 1990 


MR imaging with surface coils is currently the preferred method for evaluating 
degenerative cervical spine disease. In prospective and retrospective studies, both 
short and long TR spin-echo images of the cervical spine have shown a high degree 
of correlation compared with myelography, CT, CT myelography, and surgical 
findings [1, 2]. However, several disadvantages have retarded the use of MR as a 
screening method for degenerative disease of the cervical spine. These include the 
inability to obtain sections less than 3- to 5-mm thick, resulting in partial volume 
averaging and suboptimal differentiation between osteophytes and disk material. 
Herniated disks extending into the obliquely oriented lateral root canals are not as 
reliably identified as on intrathecal contrast CT with 1.5-mm-thick sections [1]. 
Inadequate image contrast between bone and soft tissue may diminish MR speci- 
ficity [2]. Motion artifact associated with prolonged acquisition times may prevent 
diagnostic utility. 

With the development of short TR, gradient-recalled echo (GRE) techniques, 
cervical spine images with enhanced CSF signal intensity can be obtained rapidly 
[3-6]. An overall improvement in depicting degenerative disease of the cervical 
spine including disk herniation, osteophytes, foraminal stenosis, and narrowing of 
the subarachnoid space has been noted [7]. A recent study correlated spin-echo 
and gradient-echo acquisitions with anatomic sections [8]. T2*- or proton-density- 
weighted gradient-echo images were found to be superior to spin-echo images in 
depicting the soft-tissue contents and bone margins of the cervical neural foramina 
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and in estimating foraminal size. Because of these advan- 
tages, this technique may be “the initial procedure of choice 
for the evaluation of suspected cervical radiculopathy” [9]. 
Despite the improvement in image contrast and the decrease 
in imaging times with the GRE techniques, limitations in 
minimum slice thickness inherent to two-dimensional Fourier 
transformation (2DFT) images remain. 

Three-dimensional Fourier transformation (SDFT) imaging 
provides several advantages over 2DFT GRE studies. These 
advantages include the ability to obtain very thin contiguous 
slices and improvement of signal-to-noise and spatial resolu- 
tion. In addition, an isotropic voxel data set can be obtained 
so that retrospective reconstruction and motion-artifact 
suppression can be employed [9-14]. In the past, 3DFT was 
not feasible for routine use with conventional spin-echo tech- 
niques because of the long acquisition times, especially if 
T2-weighted images were desired [15-18]. More recently, 
fast-scanning techniques have reduced this time. For these 
reasons 3DFT evaluation of the knee [19, 20] and temporo- 
mandibular joint [21] has gained clinical importance. Our goal 
was to implement and assess a fast, thin-section 3DFT se- 
quence for the cervical spine while maintaining adequate 
signal-to-noise and image contrast similar to gradient-recalled 
2DFT imaging. 


Material and Methods 


Thirty patients were referred to MR for the initial evaluation of 
cervical radiculopathy. MR was performed at 1.5 T.* All patients were 
Studied in a supine neutral position with a flat 5-in. planar dorsal GE 
Surface coil. In a minority of studies, self-shielded RF gradient coils 
were used. 

All patients were studied initially with two sequences in the sagittal 
plane with multislice, 2DFT techniques. First, a T2*-weighted multi- 
planar gradient-recalled (MPGR) GRE acquisition was obtained as a 
localizing study using 500/20/2 (TR/TE/excitations), a flip angle of 
20°, field of view of 24 cm, slice thickness of 4 mm, interslice gap of 
0 mm, matrix of 256 x 192, imaging time of 3:19 min, and a total of 
14 slices. This was followed by a T1-weighted spin-echo acquisition 
using 600/20/4, a field of view of 24 cm, slice thickness of 3 mm, 
interslice gap of 1 mm, matrix of 256 x 256, imaging time of 10:17 
min, and a total of 11 slices. Motion artifact was diminished with 
gradient-moment nulling (flow compensation) [22] on the GRE study 
and with the application of a 12-cm-thick saturation RF pulse [23] 
over the anterior soft tissues of the neck on the T1-weighted se- 
quence. Gradient-moment nulling was not used with the T1-weighted 
sequence in order to maintain a minimum TE value. 

After the sagittal images were obtained, a 3DFT GRE study was 
performed [10, 24]. A diagrammatic representation of this sequence 
is shown in Figure 1. A selective RF pulse combined with a gradient 
in the slice-select direction was used to excite a large volume or slab 
in the neck. Spatial resolution in the frequency-encoding direction 
(Gx) was acquired by the application of a gradient reversal, which 
also generated a gradient-refocused echo. Spatial resolution in the 
other two directions was obtained by the use of two phase-encoding 
gradients (G, and G,), which were oriented perpendicular to each 
other. In all cases, the slice-selection direction (G,) was oriented in 
the superior-inferior direction. Therefore, after data reconstruction 





* Signa, software version 3.2 Beta and Performance Plus, General Electric 
Company, Milwaukee, WI. 
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Fig. 1.—Schematic diagram for 3DFT gradient-recalled echo MR imag- 
ing. A slab of tissue is excited by a selective 5° RF pulse combined with a 
gradient in the slice-select direction (G,). Two phase-encoding gradients 
(P) are applied in two directions (G, and G,). A gradient-recalled echo is 
generated by gradient reversal in the frequency-encoding (G,) axis. The 
signal is processed by 3DFT to yield the final image. A rewinding or 
refocusing pulse (R) is used to rephase in-plane transverse magnetization 
after it is measured and prior to the next RF pulse. At the same time, a 
nonvariable spoiler gradient (S) is used to destroy any unwanted phase 
buildup along the slice-select direction, which may cause artifactual mis- 
registration of signal between adjacent slices. (Adapted from [24].) 


with 3DFT, the primary piane of section was axial. Within the plane 
of section, G, and G, were oriented in the right-to-left and anterior- 
posterior directions, respectively. Following the gradient echo, a 
rewinding or refocusing pulse was applied in the G, axis and a 
generalized spoiler gradient was used in the G, direction. Gradient- 
moment nulling was used in all cases; however, this is not shown in 
Figure 1 for the sake of simplicity. 

The 3DFT GRE parameters were: 35/15/2, flip angle 5°, field of 
view 20 cm, slice thickness 1.5-2.0 mm, interslice gap 0 mm, matrix 
256 x 128, 64 slices, and imaging time 9:34 min. Voxels were 
anisotropic with a volume ranging between 1.8 and 2.4 cubic mm for 
1.5- and 2.0-mm-thick slices, respectively. 

In 10 patients, additional axial images were obtained with either a 
multislice (MPGR) T2*-weighted GRE or T1-weighted spin-echo 2DFT 
sequence. Parameters for the MPGR sequence were 600/20/4, flip 
angle 15°, field of view 24 cm, slice thickness 4 mm, interslice gap 0 
mm, matrix 256 x 192, gradient-moment nulling, 17 slices, and 
imaging time 7:44 min. The spin-echo sequence parameters were 
800/20/4, field of view 20 cm, slice thickness 4 mm, interslice gap 1 
mm, matrix 256 x 192, 15 slices, and imaging time 10:14 min. 
Saturation RF pulses were applied superiorly, anteriorly, and inferiorly 
outside the imaging volume during the spin-echo sequence to diminish 
motion and entry-slice artifact from pulsatile CSF and vascular motion. 
Comparisons between the various axial techniques were made in a 
nonblinded fashion for overall image quality, the presence of artifacts, 
and visualization of osseous and soft-tissue detail. On both the 2DFT 
and 3DFT GRE studies, CSF signal intensity was compared with cord 
intensity by using a numerical score based on a previously established 
scale [25] as follows: 1 = CSF isointense and indistinguishable from 
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Fig. 2.—A-H, Normal 3DFT examination 
through the C5-C6 level. Images are depicted 
from the most caudal (A) to rostral (H) level. 
High-signal-intensity CSF relative to the lower- 
intensity cord and bone is evident. Clear defini- 
tion of the neural foramina (straight arrow in G) 
and intervertebral disk (curved arrow in C) is 
obtained with the use of 1.5-mm sections. 
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Fig. 3.—Mid-sagittal T1-weighted image shows slice positions and 
overall coverage for a single 60-slice 3DFT acquisition with 2-mm-thick 
sections. The levels corresponding to each 10th slice are shown. Note 
signal drop-off in anterior soft tissues of neck caused by the application 
of a broad saturation RF pulse. 
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cord, 2 = CSF slightly higher than cord, 3 = high-signal CSF with 
indistinct cord contour, 4 = high-signal CSF with sharply defined cord 
margins. 


Results 


An example of normal anatomy obtained with 3DFT GRE 
is shown in Figure 2. In Figure 3, the 3DFT axial slice positions 
are shown along with the mid-sagittal image from a T1- 
weighted acquisition in a different patient. The coverage [26] 
(no. of slices x slice thickness) ranged from 9.0 to 12.0 cm 
for the 1.5- and 2.0-mm-thick slices, respectively. By com- 
parison, the coverage for the 2DFT GRE sequence was 
limited to 6.8 cm despite the use of thicker slices. Interverte- 
bral disks and neural foraminal soft tissue have a high signal 
intensity in contrast to very low signal intensity of bone [7-9, 
25]. Examples of a left paracentral disk protrusion (Fig. 4) and 
intraforaminal disk herniation (Fig. 5) are shown. 

2DFT GRE was equivalent to 3DFT GRE in the identification 
of acquired foraminal stenosis due to osseous hypertrophy. 
However, in all cases the thinner slice sections available on 
the 3DFT studies provided greater detail of the degree of 
encroachment on the neural foramina (Fig. 6). Cord displace- 
ment was seen equally well with both techniques. Both 2DFT 
and 3DFT GRE sequences were superior to T1-weighted 
axial images in their ability to identify degenerative changes. 


Fig. 4.—A-D, C6-C7 disk protrusion shown 
by 3DFT gradient-recalled echo. Arrow in B in- 
dicates a left paracentral disk protrusion with 
intermediate signal intensity adjacent to hyper- 
intense CSF. The adjacent cervical cord is de- 
formed. 
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Fig. 5.—A-D, Intraforaminal disk herniation 
shown by 3DFT gradient-recalled echo. Short 
arrow in C and D indicates intermediate-intensity 
disk material extending into left C5-C6 neural 
foramen. Compression of cord is present. Trun- 
cation artifact, represented by a band of intra- 


medullary hyperintensity (curved arrow in A), is 
seen. 





Fig. 6.—A-E, Cervical spondylosis. The 4-mm 2DFT multiplanar gradient-recalled image (A) at level of C5-C6 
disk space and neural foramina demonstrates degenerative encroachment on anterior spinal canal and left neural 
foramen (arrow) by low signal osseous hypertrophy. Four corresponding 1.5-mm 3DFT gradient-recalled echo 
sections (B-E) at same level depict osseous encroachment in greater detail owing to reduced partial volume 
artifact. Note intermediate-intensity disk bulge (curved arrow in C), which was not visualized on the multiplanar 
gradient-recalled study because of partial volume effect. 
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The overall image contrast with relatively high CSF signal 
compared with cord intensity was comparable to the findings 
previously demonstrated with either single or multislice 2DFT 
GRE axial images [7, 9]. In all cases, the CSF signal was 
equal to or greater than intensity of the cord, with 67% of the 
cases rated between 3 and 4. Of the 3DFT studies, 15% 
were determined to be technically inadequate owing to poor 
contrast distinction between CSF and cord. Suboptimal qual- 
ity was Caused by motion artifact, resulting in image degra- 
dation, severe spondylosis with compression of the thecal 
sac, and aliasing in the slice-select direction (Fig. 7). Signifi- 
cant artifactual heterogeneity of signal intensity was noted 
within the cord in 30% of the cases (Fig. 5). This finding was 
presumably caused by truncation artifact, since such hetero- 
geneity was not noted on the 2DFT sagittal sequences [27]. 

In 41% of the patients, self-shielded RF gradient coils were 
used to acquire the images. A slight improvement in image 
quality, characterized by sharper soft tissue and osseous 
boundaries and improved CSF-to-cord contrast, was noted. 


Discussion 


MR imaging has proved to be an important screening 
technique for the evaluation of cervical radiculopathy. The 
commonly used axial 2DFT T1-weighted spin-echo images 
have limitations, of which the most important is poor contrast 
resolution among osteophytes, CSF, ligaments, and dura, all 
of which have similar low signal intensity [25]. Gd-DTPA- 
enhanced T1-weighted images enhance soft-tissue detail in 
the neural foramina, allowing improved detection of foraminal 
encroachment [8]. Gd-DTPA was not used in our patients, 
since our goal was to establish a noninvasive screening 
sequence. T1-weighted spin-echo techniques also have lim- 
ited coverage. In multilevel disease, additional scan time is 
required, so patient discomfort may be prolonged. Axial T2- 
weighted spin-echo images with or without cardiac gating 
have limited usefulness because of CSF pulsatile artifacts 
[25]. 





Fig. 7.—Aliasing artifact in the slice-select direction. The lowest 3DFT 
axial section through T2 level (T) is degraded by superimposition of an 
axial image of the upper neck (N). See Discussion section for explanation. 
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Proton-density- or T2*-weighted 2DFT GRE techniques 
have improved detection of degenerative extradural defects 
[7-9, 25]. Signal-to-noise limitations often require an increase 
in the number of excitations or in the slice thickness. These 
factors result in prolongated scan time or increases in partial 
volume averaging. Signal-to-noise is a limiting factor in single- 
slice GRE techniques. This limitation is circumvented with 
multisection GRE techniques with TR between 500-1000 
msec [28]. Coverage is greater since many slices are excited 
during each TR interval. Clinical trials of multisection GRE of 
the cervical spine have demonstrated its advantage over T1- 
weighted images [7, 8], and is one of the comparative tech- 
niques used in this study. 

Slice thickness must approximate that of CT for an MR 
protocol to have equivalent sensitivity as a screening tech- 
nique for the cervical spine. We have noted that undesirable 
patient motion increases with acquisition times that exceed 
10 min. Therefore, a reasonably short scan time is also 
important. Signal-to-noise, resolution, coverage, image con- 
trast, and artifact suppression must also be considered. In 
this regard, 3DFT GRE imaging may offer some advantages. 

Although 2DFT GRE improves image contrast, partial vol- 
ume artifact continues to be a limiting factor because of the 
minimal slice thickness limitation of all 2DFT techniques. Slice 
thickness is proportional to the bandwidth of the RF pulse 
and inversely proportional to the gradient amplitude in the 
slice-select direction [29]. Hardware limitations on our current 
system hold the minimum slice thickness to 3 mm. This slice 
thickness corresponds to a minimum bandwidth of 1.25 kHz 
and a maximum gradient strength of 1 G/cm. A further 
reduction in bandwidth will lengthen the RF pulse and prolong 
the minimum TE, resulting in a reduction in signal-to-noise 
[29]. Increases in the gradient strength are limited by the 
gradient power supply. By comparison, slice thickness with 
3DFT is independent of RF bandwidth and is inversely pro- 
portional to the duration of the phase-encoding gradient 
[30]. Thus, thinner sections are acquired by increasing the 
time the phase-encoding gradient is on. A stronger slice- 
selection gradient is not required. The thinnest section cur- 
rently available on our scanner is 0.7 mm. 

Slice profile with 2DFT imaging is dependent on an RF sinc 
pulse in the presence of a gradient, which may introduce 
cross talk. The introduction of an interslice gap will reduce 
this phenomenon but introduces partial volume artifact [26, 
31]. In 3DFT reconstruction, a phase-encoding gradient de- 
termines the section profiles following the same rules as in- 
plane resolution [18]. Contiguous slices are therefore possi- 
ble. The total number of slices is a function of the number of 
phase-encoding projections. Additionally, the total number of 
slices, unlike 2DFT imaging, is independent of TR. Cross talk 
between slices, resulting from truncation artifact, can also 
occur with 3DFT techniques [32], as discussed below. 

Adequate signal-to-noise must be maintained as slice thick- 
ness is reduced. 3DFT offers the advantage that a second 
phase-encoding gradient is required for slice selection [14]. 
The signal-to-noise improves as the square root of the number 
of additional phase projections, which is equal to the number 
of slices. This gain in signal comes as a penalty in acquisition 
time, since the total imaging time (T) is given as 
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T = Nsl-Npl. TR. NEX 


where Ns! and Npl are the number of phase projections in the 
Slice and in-plane phase-encoding directions [11]. Relative 
improvements in signal-to-noise in 2DFT and 3DFT tech- 
niques must be assessed on a per unit time basis. Signal-to- 
noise improvement per unit time is most efficient in routine 
2DFT spin-echo imaging with relatively long TRs. However, 
advantages in signal-to-noise can also be associated with 
3DFT imaging by using short TR, GRE sequences [32]. 

Since total imaging time is a product of an additional phase- 
encoding gradient, the use of long TR spin-echo 3DFT se- 
quences for either T1- or T2-weighted images would be 
prohibitive in spine imaging, especially if multiple slices are 
required. One study took 61 min to acquire a 3DFT T1- 
weighted examination (TR = 300, 64 slices) of the lumbar 
spine [18]. In an attempt to shorten the imaging time, the TR 
was set at 35 msec. 

An added advantage of a short TR is its beneficial effect 
on image contrast by enhancing CSF signal intensity. When 
TR is less than the transverse relaxation time, T2, steady- 
_ State transverse magnetization is established [5, 33-36]. This 
residual transverse magnetization is not destroyed between 
pnase-encoding cycles, and image contrast is strongly influ- 
enced by T1 and T2. A refocusing pulse in the Gy axis is 
applied that incorporates this transverse coherence so that 
tissues with a longer T2 have relatively greater signal intensity 
(Fig. 1). Since the calculated T2 of CSF is greater than gray 
or white matter (396 vs 57-69 msec), a “myelographic” effect 
can be obtained [5]. The use of a short TR combined with 
refocusing gradients will boost the signal per unit time com- 
pared with sequences using a longer TR [36]. 

The above assumptions require that steady state free 
precession (SSFP) be present. This holds true for stationary 
CSF. With refocused short TR 2DFT GRE, calculated contrast 
curves have demonstrated that higher signal can be gener- 
ated by CSF in comparison with either gray or white matter 
by increasing the flip angle, with the greatest differences 
between 50-90° [5, 36, 37]. In reality, this does not occur in 
cervical spine imaging, since CSF is not stationary [25]. 
Moving CSF results in a non-SSFP state, and positive con- 
trast, based on proton-density differences, only occurs with 
very low flip angles with a crossover point at 10°. A rapid 
decline in pulsatile CSF signal intensity occurs with higher flip 
angles [37]. To achieve this contrast effect, we selected a 5° 
flip angle knowing that this was a compromise, since overall 
signal intensity drops precipitously with low flip angles [36]. 
Cardiac gating may assist in establishing SSFP; this option 
was not available to us and is probably impractical, as total 
imaging time may be lengthened since data acquisition might 
only occur during diastole. 

Because of our desire for image contrast yielding a “myelo- 
graphic” effect, the reduced signal-to-noise influencec the 
limits of resolution. With 3DFT imaging, the theoretical reso- 
lution can be equal in all three directions, thus yielding small 
isotropic voxels, for example 1.0 cubic mm. Retrospective, 
multiplanar reformations and surface reconstruction such as 
in the knee [16] or lumbar spine [18] is then possible. The 
use of isotropic techniques in the cervical spine resulted in 


3DFT MR OF CERVICAL RADICULOPATHY 381 


poor signal-to-noise unless the imaging time was unduly 
prolonged. Since reformation algorithms are not readily avail- 
able for our system, the voxel size was increased to 1.8-2.4 
cubic mm to increase signal intensity and the axial plane was 
used as the primary plane of reconstruction. In-plane resolu- 
tion (1.56 x 0.78 mm) was thought to be adequate although 
it is slightly less than the comparison 2DFT techniques used 
in this study. A benefit of a larger voxel is the expended 
coverage [26]. 

It would be desirable for a screening examination cf the 
cervical spine to cover C3 through T1 levels corresponding 
to 8-9 cm in an adult patient. With our 2DFT techniques, 
coverage was limited to 6.8 and 6.0 cm for the GRE and T1- 
weighted sequences, respectively. This limitation occasicnally 
required the placement of a limited number of slices at each 
disk space using a sagittal localizer as a guide in patients 
with extensive, multilevel degenerative disease. By compari- 
son, the coverage of the 3DFT technique ranged between 9.0 
and 12.0 cm (Fig. 2). This simplified the examination for the 
technologist, since precise localization of a limited set of axial 
images was not required. 

Artifacts caused by motion, magnetic susceptibility, and 
truncation occur with both 2DFT and 3DFT techniques. Image 
degradation resulting from motion appears to be greater with 
3DFT, presumably because of the application of an additional 
phase-encoding gradient. As a result, phase ghosting in two 
axes that are perpendicular to each other can occur. Since 
motion artifact is commonly due to swallowing or vascular 
pulsation in the anterior tissues of the neck, a dorsal surface 
coil was used to reduce signal from this area. Unfortunately, 
saturation pulses similar to those used for 2DFT imaging (Fig. 
2) were not available for 3DFT imaging. It is experimentally 
possible to reduce motion artifact in anesthetized small ani- 
mals by 3DFT GRE imaging by using signal averaging to 
offset periodic respiratory and vascular motion [13]. Motion 
suppression did not occur in our patients, probably because 
of the nonperiodic nature of the patient motion. 

Magnetic susceptibility has been documented in vitro [38] 
and in vivo in the brain [39] and cervical spine [40]. This 
artifact is generated whenever spatial variation in the induced 
magnetic field results in geometric distortion. It is more ap- 
parent on GRE images and is directly proportional to the TE 
and inversely proportional to the spatial resolution [31, 41]. 
In the cervical spine, this artifact may accentuate or mimic 
foraminal stenosis and appear similar to osseous or ligamen- 
tous encroachment on the spinal canal [40]. This artifact cen 
be reduced by reducing the TE to its minimum value. In ths 
Study, the minimum TE was 15 msec. Shorter TEs are pos- 
sible if gradient moment nulling is eliminated [42]; however, 
we found that this resulted in unacceptable motion artifact. 
Magnetic susceptibility can be reduced by increasing spatial 
resolution (decreasing voxel size). Since magnetic suscepti- 
bility will increase with increasing intrinsic magnetic field gra- 
dients across imaging voxels [40], reduction of voxel size will 
lessen this effect [41]. From a practical standpoint, 3DFT can 
achieve smaller voxel dimensions. Qualitatively, we did no* 
notice significant susceptibility artifacts with 3DFT GRE im- 
aging when using the stated parameters. Quantitative evalu- 
ation is required. 


382 


MR truncation artifact [27] is most evident along the phase- 
encoding axis between regions that are markedly dissimilar 
in signal intensity [43]. In cross-sectional cervical spine im- 
aging, this artifact is manifested as heterogeneous bands of 
signal intensity, and increases with reduction of the in-plane 
phase-encoding matrix to 128. We have noted similar findings 
in some of our cases since a 128 matrix was used to reduce 
scan time (Fig. 5). Therefore, this technique is not applicable 
for screening of intramedullary disease. With 3DFT imaging, 
truncation could also occur between adjacent slices because 
of the orientation of the second phase-encoding gradient, 
resulting in cross talk, which can be minimized when slice 
thickness is less than 3 mm [32]. 

Eddy current, generated by the interaction of the RF coils 
with the other components of the magnet including the cryo- 
stat and shim coils, could cause significant distortion of the 
gradient field and current waveform. Eddy currents will alter 
image quality by causing spatial distortion and shading in the 
images [44]. Correction can be achieved by using self- 
shielded coils [45]. We noted a qualitative overall improve- 
ment in image quality with these coils with sharper boundaries 
between bone, cord, and CSF margins. 

Finally, because of the method of data collection with 3DFT, 
unique artifacts can be generated that have not been seen 
with 2DFT techniques. Aliasing or phase wrap is a well-known 
artifact that occurs when an object outside the field of view 
is spatially mismapped into the region of interest. On cross- 
sectional 2DFT imaging, this artifact is seen along the phase- 
encoding direction. Since 3DFT incorporates a second phase 
gradient along the slice-select direction, aliasing can occur 
perpendicular to the slice profile direction because of tissue 
that is partially excited outside the imaging volume (Fig. 7). 
Since the degree of excitation diminished rapidly from the 
region of interest, aliasing is greatest in the outer sections 
[11]. In our imaging protocol, the first two slices at each end 
of the 64-slice study were discarded and only the center 60 
images were displayed. Minimal residual aliasing artifact was 
persistent in the remaining end slices and was greatest in the 
cervical-thoracic junction. In a minority of patients (10%) there 
was significant image degradation of the C7-T1 interspace. 
In the remainder of the patients, aliasing was outside the 
most important region of interest. 

The observations discussed above point to a rational basis 
for the use of 3DFT GRE techniques in screening for cervical 
radiculopathy. As with 2DFT imaging, compromises between 
imaging time, signal-to-noise, resolution, image contrast, and 
coverage need to be considered when devising an imaging 
protocol. The major advantages with this technique are the 
ability to obtain very thin, contiguous sections with reduction 
of partial volume averaging with preservation of image con- 
trast similar to T2*-weighted 2DFT GRE images. This volu- 
metric acquisition provides excellent coverage and is time- 
efficient. Artifacts peculiar to 3DFT may be a limiting factor. 
No systematic attempt was made to correlate the imaging 
results with either the surgical findings or clinical symptoms. 
In this regard, this study is incomplete, and, ultimately, a 
carefully designed prospective trial is required to validate our 
findings. 


TSURUDA ET AL. 
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Videotape Review 





MRI of the Sella and Para-Sellar Region. By Murray A. Solomon. (Videotape 4 of Murray Solomon's Magnetic 
Resonance Video Review.) Burlingame, CA: Murray Solomon’s MRVR, (415) 692-8230. Single tape, $125; series 


of 6 tapes, $495 


As one who is actively involved in formal classroom lecturing as 
well as clinical diagnostic case-review sessions in MR imaging, | 
appreciate the benefits that personal access to the instructor has to 
offer. It was, therefore, with some hesitation that | reviewed the 
videotape entitled MRI of the Sella and Para-Sellar Region, fourth in 
a series from Dr. Solomon. | was quite pleasantly surprised, however, 
by the quality, structure, and organization of this video review. 

The almost 2 hours of lecture provide a good basic foundation of 
knowledge on normal sellar and parasellar development and anatomy; 
both diagrams and multiplanar MR imaging are shown. This is fol- 
lowed by a well-organized and clearly presented discussion and 
presentation of several images or cases of a multitude of pathologic 
entities encountered in this anatomic region, including craniopharyn- 
giomas, macro- and microadenomas, meningiomas, aneurysms, Car- 
cinomas, sarcoid, gliomas, and cysts of the Rathke pouch. Sugges- 
tions and options for appropriate scanning techniques are presented 
as well. The quality of the illustrations and images is more than 
adequate for the diagnostic and anatomic considerations presented. 
The references alluded to and discussed are relatively current, includ- 
ing abstracts presented at the most recent meeting (March 1989) of 
the American Society of Neuroradiology. The material is presented in 
a clear, concise, and factual manner and is accompanied by ample 
illustrations, images, and even references to and quotations from the 
literature. 

Several relatively minor limitations should be mentioned. For ex- 
ample, in the rather lengthy discussion of the normal anatomy of the 


sella and the pituitary gland, the literature from several researchers 
is quoted, but there does not seem to be any reference to much of 
the extensive work performed by the Japanese group, including and 
especially, Drs. Fujisawa and Nishimura and their work on the normal 
and abnormal appearances of the pituitary gland and the parasellar 
region. Additionally, some topics are treated rather glibly, for example, 
the cause of the bright signal in the posterior sella. The length of the 
tape is somewhat excessive, although this should not be construed 
as a significant drawback. After all, one of the main advantages of a 
videotape is that the data can be reviewed at the viewer's conven- 
ience, both in time and location, with the duration of each review 
session determined by the viewer. 

These limitations, however, are of relatively minor significance 
when compared with the content, completeness, and organization of 
this video lecture. Although nothing can replace live interaction with 
an instructor on a one-on-one basis, this videotape does provide a 
convenient, comprehensive, capable, and practical overview of diag- 
nostic interpretation of sellar and parasellar anatomy and pathology. 
It should be quite useful to anyone who desires access to a well- 
organized and well-presented review of these data in a convenient 
video format. 
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Intraocular Lesions in Patients 
with Systemic Disease: Findings on 
MR Imaging 





Twenty-one intraocular lesions associated with various systemic diseases in 15 
patients were studied by MR imaging. The disorders included diabetes mellitus, cardi- 
ovascular disease, Behcet disease, sarcoidosis, and ankylosing spondylitis. MR was 
performed on a 0.5-T system using a surface-coil technique. Ophthalmoscopic visuali- 
zation of the fundus was precluded by the presence of opaque media in all cases. 

MR was found to be effective in demonstrating intraocular bleeding, vitreous opacity, 
detached lesions of the posterior pole, and eyeball deformity. Surface-coil MR is a 
useful adjunct in the evaluation of the eyes affected by systemic diseases, especially 
in patients with opaque media. 


AJNR 10:1185-1189, November/December 1989; AJR 154:385-389, February 1990 


A wide spectrum of systemic diseases may affect the eyes in a variety of ways 
[1-3]. Most intraocular conditions can be diagnosed and evaluated by ophthalmo- 
scopic examination. When the ocular media are opaque, however, definitive clinical 
evaluation of the posterior pole is difficult. In these cases, sonography and CT 
have been employed, but each has its limitations [4-6]. 

Recent work with MR imaging using surface coils has suggested that this 
imaging method has great potential in evaluating diseases of the eye [7-12]. 

The purpose of this study was to determine the effectiveness of surface-coil MR 
imaging in the evaluation of eyes affected by various systemic diseases and to 
clarify the current role of this technique and its limitations. 


Subjects and Methods 


Surface-coil MR imaging was performed on 15 patients in whom intraocular abnormalities 
were suspected on the basis of a combination of clinical, ophthalmoscopic, sonographic, and 
CT findings. The patients were 37 to 78 years old and included six men and nine women. 
The systemic disorders studied here were diabetes mellitus (eight cases), cardiovascular 
disease (three), Behçet disease (two), sarcoidosis (one), and ankylosing spondylitis (one). 
Visualization of the fundus was limited in all 15 patients (17 eyes) by the presence of cataract 
(three eyes), hyphema (two), vitreous opacity (four), vitreous hemorrhage (five), postsurgical 
deformity (one), and phthisis bulbi (two). 

CT was performed on nine patients with a third-generation scanner.* A 2-mm collimator 
was used and sections were obtained at 2-mm intervals in axial planes. 

MR was performed with a superconducting Siemens unit operating at 0.5 T. The head coil 
was used for transmission only and a 10-cm-diameter surface coil was placed over the orbits 
to act as a receiver. The surface coil was positioned parallel to the coronal plane of the orbits 
to avoid asymmetric signal drop-off or field saturation. T1-weighted spin-echo (SE) images 
were obtained with 400-600/30-45/2-4 (TR range/TE range/excitations); proton-density- 
and T2-weighted SE images were obtained with 1600-2000/30-45, 60-90/2. 

The majority of studies were begun with axial sections, usually followed by coronal or 
oblique sagittal sections parallel to the axis of the optic nerve. The section thickness was 5 
mm, with a 0-2.5-mm intersection gap. The field of view was 17 cm, and the acquisition 





* Somatom 2 or Somatom DR 3; Siemens Medical Systems, Iselin, NJ. 
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matrix was 256 x 256; corresponding pixel size was 0.7 x 0.7 mm. 
All patients were asked to keep their eyes closed during the exami- 
nation and to refrain from eye movement. 

The MR, CT, sonographic, and ophthalmoscopic examinations 
were performed within a period of 4 days. Surgery was performed 


TABLE 1: The 21 Intraocular Lesions in 17 Eyes 

rae ce ee SS is SY SEE oe SSE SOROS 
Systemic Diseases/ No. of 
Intraocular Lesions Lesions 





Diabetes mellitus 
Vitreous hemorrhage 7 
Vitreous opacity 1 
Posterior hyaloid detachment 2 
Posterior hyaloid hemorrhage 1 
Retinal detachment 1 
Postsurgical deformity 1 
Cardiovascular disease 
Vitreous hemorrhage 1 
Vitreous opacity 1 
Retinal detachment 1 
Subretinal hemorrhage 1 
Behcet disease 


Phthisis bulbi 2 
Sarcoidosis 

Vitreous opacity 1 
Ankylosing spondylitis 

Vitreous opacity 1 
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from 2 days to 2 weeks after MR examination, and surgical correlatien 
was available for 13 patients. 


Results 


Seventeen eyes in 15 patients were affected by systemic 
diseases in a variety of ways. The 21 intraocular lesions in 17 
eyes examined by MR are listed in Table 1. The final diag- 
noses of these intraocular lesions were made on the basis of 
surgical findings (13 eyes), or a combination of Clinical, sonc- 
graphic, and CT findings (four eyes). 

Intraocular bleeding was present in 10 eyes, including eight 
vitreous hemorrhages (Fig. 1), one subretinal hemorrhage 
(Fig. 2) and one posterior hyaloid hemorrhage (Fig. 3). The 
clinically suspected ages of the hemorrhages ranged from 5 
days to 5 months. The hemorrhages were hyperintense on 
both T1- and T2-weighted images in four eyes (two vitreous 
hemorrhages, one subretinal hemorrhage, one posterior hy- 
aloid hemorrhage), and the ages of these hemorrhages were 
from 6 days to 5 months. In two eyes, the vitreous hemor- 
rhages were hyperintense only on T2-weighted images. The 
ages of the hemorrhages in these cases were 2 months. MR 
failed to delineate the vitreous hemorrhages in four eyes, and 
the ages of these hemorrhages were from 3 weeks to é 
months. The documentation of these four vitreous hemor- 


Fig. 1.—Vitreous hemorrhages caused by di- 
abetes mellitus (about 1 week old in the lef 
globe and 2 months old in the right globe). 

A, Axial T1-weighted image (600/35) shows 
that vitreous hemorrhage in left globe is hyper- 
intense (arrows), while hemorrhage in righ 
globe is hardly recognizable on this image. 

B, Hemorrhages are both hyperintense on this 
axial T2-weighted image (1600/70). Hemorrhage 
in left globe (closed arrows) has a greater inten- 
sity than that in right globe (open arrows). The 
presence of hemorrhage in right globe is appar- 
ent by the signal difference between vitreous 
and aqueous humor (arrowheads). 


Fig. 2.—Subretinal hemorrhage caused by cardiovascular disease (about 1 month old). 
A, Noncontrast CT scan shows a diffuse increased density in left globe. l l 
B, Axial T1-weighted image (600/35) demonstrates a hyperintense subretinal hemorrhage. Detached retina is seen as a funnel-shaped configuration 


(arrows). ; l i 
C, Subretinal hemorrhage is less conspicuous on this axial T2-weighted image (1600/70). Differentiation from an exudative retinal detachment may be 


difficult in this subacute stage of hemorrhage. 
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Fig. 3.—Posterior hyaloid hemorrhage caused 
by diabetes mellitus (about 5 months old). 

A, Noncontrast CT scan shows slight hyper- 
density near posterior pole of right globe (ar- 
rows). 

B, Axial proton-density-weighted image 
(1600/35) demonstrates a position-dependent 
hyperintense posterior hyaloid hemorrhage (ar- 
rows). Thick membrane does not extend to optic 
disk, indicating posterior hyaloid detachment 
rather than retinal detachment (arrowheads). 


Fig. 4.—Vitreous opacity. The cause of opacity is bleeding into the vitreous by diabetes mellitus. 

A and B, Diseased vitreous in right globe is slightly hyperintense compared with normal in left globe on axial 
T1-weighted image (600/35) (A), but becomes extremely hyperintense on T2-weighted image (1600/70) (B). 
The possibility of magnetic field inhomogeneity can be excluded by a cautious positioning of the surface coil. 


rhages was made by means of ophthalmoscopy and sonog- 
raphy (three eyes), or sonography only (one eye). Surgical 
confirmations were obtained in all four patients, and the time 
between MR and surgery was from 4 days to 2 weeks. 

Vitreous opacity was present in four eyes. The causes of 
opacity were bleeding into the vitreous in two eyes and 
exudation of inflammatory cells by uveitis in two eyes. Three 
of four vitreous opacities were hyperintense on T2-weighted 
images (Fig. 4), but MR failed to demonstrate the lesion in 
one eye. The cause of this opacity was bleeding into the 
vitreous caused by cardiovascular disease. 

Detached lesions of the posterior pole were present in four 
eyes, two with retinal detachment and two with posterior 
hyaloid detachment. All four lesions were clearly demon- 
Strated on MR. Oblique sagittal sections parallel to the axis 
of the optic nerve were most useful for differentiating between 
these two lesions. MR depicted subretinal effusion or hem- 
orrhage as a funnel-shaped hyperintensity with its apex at 
the optic disk and its extremities pointed toward the Ciliary 
body (see Fig. 6C), while posterior hyaloid detachment was 
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Fig. 5.—Posterior hyaloid de- 
tachment caused by diabetes mel- 
litus. Oblique sagittal T1-weighted 
image (600/40) shows posterior hy- 
aloid detachment as a hyperintense 
membrane totally detached from 
posterior pole (arrows). Detached 
membrane does not extend to the 
optic disk, indicating posterior hy- 
aloid detachment and not retinal 
detachment. 


demonstrated as a thick membrane that was totally detached 
from the posterior pole (Fig. 5). 

Deformity and decreased size of the globe were present in 
three eyes, two phthisis bulbi and one postsurgical deformity. 
MR clearly demonstrated the complicated inner structures 
(Figs. 6 and 7). 


Discussion 


The majority of intraocular lesions associated with systemic 
diseases can be diagnosed accurately by ophthalmoscopic 
examination, unless the ocular media are opaque. Most of 
the systemic diseases, however, have a tendency to affect 
the ocular media, such as the cornea, lens, and vitreous Ej? 
Thus, direct visualization of the fundus is sometimes ham- 
pered and misdiagnosis is possible. On these occasions. 
sonography and CT have been the main alternative imaging 
methods. 

Ocular sonography is now a well-established technique, but 
its use is limited in certain situations, such as diffuse vitreous 
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Fig. 6.—Postsurgical deformity. This patient had lensectomy, vitrectomy, and scleral banding in the right globe. 
A, Noncontrast CT scan shows decreased size and deformity of right globe. 
B and C, Axial T1-weighted image (600/35) (B) and oblique sagittal T1-weighted image (600/40) (C) clearly show retinal detachment (closed arrows) 


and disruption of sclera (arrowheads). Retinal detachment is demonstrated as a funnel-shaped configuration with its apex at the optic disk. Silicone rubber 


implants are seen as a hypointensity (open arrows). 





Fig. 7.—Phthisis bulbi. 
A, Noncontrast CT scan shows right globe to be small and deformed 
with peripheral calcification (arrows). 


B, Axial T2-weighted image (1600/70) shows subretinal calcification as 
a V-shaped hypointensity (arrows). 


hemorrhage or vitritis, and dense intraocular calcification [4, 
5]. Furthermore, it is relatively operator-dependent and is not 
tolerated by a patient with a painful eye. 

CT also has several limitations. It is relatively nonspecific in 
respect to tissue characterization, and it sometimes fails to 
demonstrate certain intraocular conditions themselves [13- 
17]. Among nine patients who had CT examinations in our 
study, only three were diagnosed correctly on CT. In two of 
the remaining six, CT misdiagnosed subretinal hemorrhage 
(Fig. 2A) and posterior hyaloid hemorrhage (Fig. 3A) as vitre- 
ous hemorrhage, and failed to demonstrate the lesions them- 
selves in four patients (two with vitreous hemorrhage and two 
with vitreous opacity). Furthermore, the radiation dose asso- 
ciated with high-resolution CT studies is significant, and re- 
peated examinations can approach a level known to induce 
cataract [18]. 

MR with the use of surface coils is extremely attractive for 
the evaluation of intraocular conditions because of its nonin- 
vasiveness, absence of ionizing radiation, multiplanar capa- 
bility, and excellent tissue contrast. Even in our limited series 





of 15 patients, MR has demonstrated its ability to delineate 
intraocular conditions and has proved to be useful for the 
evaluation of eyes affected by systemic diseases. As the 
patient population increases, more information will be avail- 
able, but some valuable clinical correlations and characteristic 
MR findings have been noted. 

Hemorrhagic collections have a varied appearance on MR, 
depending on the state of hemoglobin [19]. In our series, 
however, no apparent correlation between the MR signal 
changes and the ages of the hemorrhages could be found. It 
seems that this inconsistency is derived from the uncertainty 
of the ages of the hemorrhages, since the time elapsed after 
hemorrhage was estimated from the onset of the clinical 
symptoms in most cases. Furthermore, the hemorrhages 
associated with systemic diseases tend to be repetitive and 
this also makes it difficult to establish their age. 

In three of four eyes with vitreous opacity, the diseased 
vitreous appeared hyperintense relative to normal on T2- 
weighted images. This is believed to be the result of released 
protein-laden exudate into the vitreous [15, 20-22]. This kind 
of unilateral hyperintensity may be the result of magnetic-field 
inhomogeneity. In our series, however, the possibility of mag- 
netic-field inhomogeneity could be excluded, since the surface 
coil was positioned cautiously to avoid asymmetric signal 
drop-off or field saturation. 

Retinal detachment and posterior hyaloid detachment can 
be differentiated from each other on MR. Retinal detachment 
is depicted as a funnel-shaped configuration with its apex at 
the optic disk and its extremities pointed toward the ciliary 
body [23]. Although the retina itself is very thin, measuring 
0.5 mm near the disk to 0.1 mm anteriorly, and is beyond the 
limit of resolution of MR, it is seen when outlined by the 
significant contrast difference between the hyperintense sub- 
retinal effusion or hemorrhage and the hypointense vitreous 
cavity [23, 24]. 

On the other hand, posterior hyaloid detachment is seen 
as a thick hyperintense membrane totally detached from the 
posterior pole, unlike the retinal detachment. Although the 
posterior hyaloid membrane is also very thin and invisible on 
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Case Report 





Coloboma: Evaluation with Real-Time Sonography 


Peter L. Munk! 


Sonography-has been used in the investigation of disorders 
of the eye for about 30 years. A-mode scanning has been the 
mainstay of diagnosis; B-mode scanning is used only as a 
Supplementary method. Surprisingly, real-time sonography of 
the eye seldom has been used [1-4]. | report a case of 
coloboma, a congenital abnormality of the eye that develops 
because of incomplete fusion of the fetal fissure of the optic 
cup, investigated with real-time sonography. To my knowl- 
edge, this is the only report of a patient with coloboma 
examined with sonography. 


Case Report 


A 24-year-old woman presented with sudden onset of visual loss 
in the left eye. She had a history of coloboma affecting the whole 
length of the globe, including the iris anteriorly. Funduscooy showed 
a retinal detachment. 

A sonogram abtained by using a Diasonics small-parts scanner 
(South San Francisco, CA) with a 7.5-MHz transducer showed an 
asymmetric posterior herniation of the vitreous chamber extending 
as far posteriorly as the optic nerve head (Fig. 1). The coloboma 
defect extended along the superior, inferior, and nasal aspects of the 
optic nerve without involvement of the optic nerve itself. Accompa- 
nying this abnormality was evidence of an extensive retinal detach- 
ment extending from the optic nerve head to the ora serrate anteriorly. 
The retina appeared thickened with minimal mobility, consistent with 
a chronie retinal detachment. Between the coloboma defect and the 
retinal detachment were low-amplitude echoes consisten: with sub- 
retinal membranes and adhesions. The patient declined further inves- 
tigation ør therapeutic intervention. 
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Discussion 


Coloboma is an unusual congenital abnormality of the eye 
resulting from embryologic failure of the optic cup to close in 
the region of the fetal fissure. This fissure is found at the 
inferonasal aspect of the globe and begins closure at the level 
of the equator, with closure then progressing both anteriorly 
and posteriorly [5, 6]. Pathologic examination of the recion of 
the coloboma bed shows the sclera to be ectatic, with absent 
or abnormal choroidal and retinal vessels. Only a thin sheet 
of dysplastic retina is present over the coloboma defect. The 
retinal pigment epithelium layer is absent, but the sensory 
retina is usually present [5]. The vast majority of patien=s can 
see out of the affected eye; however, myopia and astigmatism 
are common. Retinal detachments develop in only a minority 
of individuals, but the incidence is much greater than in the 
normal population. Occasionally the iris and optic nerve are 
affected by this condition; however, it is unusual to have 
abnormalities of the optic nerve without coloboma being 
identified elsewhere in the eye. In 60-90% of cases, the 
contralateral eye also is affected by either coloboma or an- 
other congenital anomaly. Many chromosomal disorders and 
syndromes have a reputed association with coloboma B, 6]. 

This case shows the ease with which real-time sonography 
can be used in assessment of patients with coloboma. In 
most instances, coloboma can readily be diagnosed Clinically, 
especially if an iris cleft is present, the retina is intact, and the 
vitreous is clear. If the vitreous is opaque or retinal detach- 
ment is present, evaluating the extent and topography of a 
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coloboma becomes difficult. In these circumstances, if an iris 
cleft is not present, the presence of a coloboma may not even 
be suspected. Sonography may facilitate the examination of 
patients with Known coloboma—such as the subject of this 
report, who had a retinal detachment that precluded adequate 
funduscopic examination of the posterior aspect of the vitre- 
ous. 


Real-time sonography has rarely been used in the investi- 
gation of eye disorders. Previous reports of the sonographic 
appearance of coloboma have been few and have not used 
real-time scanners with multiple shades of gray [7, 8]. Pub- 
lished illustrations have been in the ophthalmologic literature 
and have shown either small, shallow, vitreous chamber 
colobomas or rare colobomas in the optic nerve head [7, 8]. 
In general, the radiologic literature has largely ignored the 
application of real-time sonography to eye disorders [1, 3, 4]. 

Real-time sonography has been shown to be applicable to 
a wide variety of eye disorders and can be performed with 
any high-resolution (7.5-10 MHz) nondedicated sonography 
equipment [1-4]. This type of equipment is readily available 
in most modern sonography departments and is capable of 
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Fig. 1.—Coloboma imaged with a 7.5-MHz 
transducer. 

A, Transverse image immediately inferior to 
optic nerve head shows coloboma defect ex- 
tending nasally (arrows). Retinal detachment is 
clearly visible (arrowheads). Note markedly ech- 
ogenic boundaries of lens, consistent with a 
cataract. 

B. Sagittal image immediately nasal to optic 
nerve head shows coloboma both inferior and 
superior to optic nerve (solid arrows). Leaves of 
retina are easily seen extending toward optic 
nerve (arrowheads), as well as subretinal mem- 
branes and adhesions (open arrows). 


producing high-quality images with short examination times, 
at lower cost than other techniques such as CT and MR 
imaging. 
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Color Doppler Imaging of 
Portosystemic Shunts 





This study was designed to investigate the utility of color Doppler sonography in the 
evaluation of portosystemic shunts. Thirty-one patients with a total of 32 shunts were 
imaged. The types of shunts examined included portacaval, five; mesocaval, eight; 
distal splenorenal (Warren), 14; and mesoatrial, five. Sonography was performed without 
knowledge of the status of the shunt, although the type of shunt was known before 
beginning the study. The sonographic studies were evaluated to determine their sensi- 
tivity and specificity on the basis of a prospective comparison with angiography or MR 
imaging (22 cases). The possible advantages of color Doppler over duplex Doppler 
sonography in evaluating portosystemic shunts were also investigated, as was the 
ability of color Doppler sonography to image specifically the shunt anastomoses. Color 
Doppler sonography successfully inferred shunt patency (17 cases) or thrombosis (five 
cases) in all 22 shunts for which correlative imaging was available (sensitivity = 100%, 
specificity = 100%). In comparing duplex with color Doppler sonography in all 32 shunts, 
the two techniques were almost equally effective in establishing patency in portacaval, 
mesocaval, and mesoatrial shunts. Duplex Doppler sonography, however, provided 
useful diagnostic information in only four of 14 splenorenal shunts. Color Doppler 
correctly inferred patency or thrombosis in all 14. Among all 32 shunts, the anastomosis 
was shown clearly by color Doppler in 23, probably in four, and not at all in five. 

Our results suggest that color Doppler sonography is an excellent method for the 
evaluation of all varieties of surgically created portosystemic shunts. In particular, color 
Doppler sonography appears to be superior to duplex Doppler sonography in imaging 
splenorenal communications. 
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Portosystemic shunts are constructed to palliate symptomatic portal hyperten- 
sion [1, 2] or to provide decompression of the hepatic vasculature in patients with 
Budd-Chiari syndrome [3]. All such shunts may thrombose occasionally, though 
the frequency varies with the type of shunt [4, 5]. Acute blockage of a portosystemic 
shunt may result in a life-threatening recurrence of symptoms. 

Angiography has been the definitive method of evaluating portosystemic shunts 
for some time. However, angiography is invasive, and the anatomically isolated 
portal system may be difficult to opacify [6]. Numerous imaging techniques, 
including real-time sonography [7], contrast-enhanced CT [8, 9], and MR imaging 
[10], have been used to evaluate portosystemic shunts noninvasively. Recently, 
duplex Doppler sonography has been used in this regard as well [9, 11-16]. The 
results of evaluations with duplex Doppler sonography have been encouraging, but 
highly cependent on the location of the shunt [9, 11, 15]. We undertook this study 
to assess the possible role of color Doppler imaging in the evaluation of surgically 
created portosystemic shunts. 


Subjects and Methods 


Thirty-two portosystemic shunts in 31 patients were evaluated with color and duplex 
Doppler imaging. The ages of the patients at the time of sonographic examination ranged 
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from 17 to 70 years (mean, 41 years). Sixteen men and 15 women 
were evaluated. Fourteen of the 31 patients were referred to our 
institution for possible liver transplantation. These 14 patients under- 
went color and duplex Doppler imaging of the entire portal venous 
system as part of their preoperative evaluations. Fourteen patients 
were referred specifically for evaluation of shunt patency; three 
additional shunts were identified on sonograms obtained for other 
reasons. Fifteen of the 31 patients were symptomatic with ascites or 
recent gastroesophageal hemorrhage at the time the sonogram was 
obtained. These 15 symptomatic patients were from both the pre- 
transplantation and nontransplantation groups. 

Underlying disease processes included chronic active hepatitis (10 
patients), primary biliary cirrhosis (six patients), Budd-Chiari syndrome 
(six patients), alcoholic liver disease (six patients), sclerosing cholan- 
gitis (one patient), cystic fibrosis (one patient), and hemochromatosis 
(one patient). The types of shunts encountered were varied: porta- 
caval (five), mesocaval (eight), distal splenorenal (14), and mesoatrial 
(five). The time between construction of the shunt and the initial 
sonographic evaluation ranged from 1 day to 9 years. The results of 
color imaging in our initial three patients have been reported else- 
where [15]. 

All Doppler studies were performed with a commercially available 
unit (Ultramark 9, Advanced Technology Laboratories, Bothell, WA). 
Duplex and color Doppler imaging was performed with phased- and 
linear-array technology; 2.25-, 3.5-, and 5.0-MHz transducers were 
used. At the beginning of the examination, the patient's chart was 
reviewed to determine the type of shunt present. The sonologist did 
not know if the shunt was considered patent on clinical grounds and 
had no knowledge of the results of other imaging procedures. The 
expected area of the shunt was scanned first with duplex Doppler 
and then with color Doppler imaging. The sonographic studies were 
then evaluated to address three specific questions: (1) What are the 
sensitivity and specificity of color Doppler sonography in the evalua- 
tion of portosystemic shunts? (2) Is color superior to duplex Doppler 
in assessing portosystemic shunts? (3) Can color Doppler imaging 
reliably depict shunt anastomoses? 

The criteria for inferring shunt patency varied considerably depend- 
ing on the type of shunt under investigation. For portacaval and 





A B 


Fig. 1.—Portacaval shunt. 


A and B, Longitudinal (A) and transverse (B) color Doppler images show communication between 
portal vein and inferior vena cava (IVC) (arrows). Considerable turbulence is common at shunt 
anastomoses, as evidenced by mixture of colors in these areas. During portions of cardiac cycle, 
blood may reflux into portal system in response to normal phasic flow reversals in IVC. Note red 


color in portal vein (B); flow is directed toward Doppler beam. 
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splenorenal shunts to be considered patent, appropriately directed 
flow had to be visualized in both limbs of the shunt (portal vein/ 
inferior vena cava for portacaval, splenic vein/renal vein for spleno- 
renal). For mesoatrial and mesocaval shunts, visualization of appro- 
priately directed flow in any portion of the synthetic graft was taken 
to imply patency. Sensitivity and specificity were determined by 
comparing the results of color Doppler sonography with angiography 
and/or MR imaging. Angiography was performed 14 times and MR 
imaging 11 times in a total of 22 patients. Angiography was performed 
with standard technique. Selective celiac (and/or splenic) and superior 
mesenteric artery injections were performed in all patients. In some 
cases the shunts were entered directly. Hepatic vein wedge pressures 
were obtained as indicated. MR imaging was performed with spin- 
echo technique in oblique, axial, and coronal projections. Correlative 
imaging procedures were reviewed by one member of our group who 
had no knowledge of the results of the sonographic studies. The 
results of the sonograms were then compared with MR imaging and 
angiography in a blinded fashion. Sensitivity and specificity of color 
Doppler imaging were based on the results in these 22 shunts. 

The results of duplex vs color Doppler imaging were then compared 
in all 32 portosystemic shunts. Duplex Doppler examinations were 
performed in the usual manner. The shunt was first located, if 
possible, using real time. The Doppler cursor was then appropriately 
placed within the shunt and its patency was established on the basis 
of receiving the expected Doppler signal. A duplex Doppler study 
was considered unsuccessful if real-time visualization of the shunt 
(or the limbs of the shunt as described above for color Doppler 
imaging) was insufficient to allow adequate placement of the Doppler 
Cursor. 

The ability of color Doppler imaging to depict shunt anastomoses 
also was evaluated in all 32 shunts. 


Results 


Angiography and/or MR imaging demonstrated shunt pa- 
tency in 17 of 22 cases; five shunts were occluded. Color 
Doppler sonography successfully demonstrated shunt pa- 
tency in all 17 (Figs. 1-4). Occlusion was also diagnosed 





Fig. 2.—Mesoatrial shunt. Longitudinal color 
Doppler image shows flow within superficial, sub- 
costal portion of mesoatrial shunt. Note brightly 
echocenic walls of synthetic shunt (arrows). Al- 
though flow in shunt is directed toward right 
atrium, color changes from red to blue as flow 
advances and recedes in relation to Doppler beam. 


correctly in the remaining five (Fig. 5). Specificity and sensitiv- 
ity, therefore, were 100%. These findings are summarized in 
Table 1. In one of the 17 patients, a splenoreral shunt was 
shown to be patent by both sonography and MR imaging. 
MR imaging, however, showed a narrowing of a small left 
renal vein as it passed between the superior mesenteric artery 
and the aorta. At the time of the sonogram, the left renal vein 
could not be followed as far as the aorta. While this shunt 
was patent, its function may have been compromised. Both 
sonography and MR imaging showed the left renal vein to be 
draining into large retroperitoneal collaterals. This patient was 
not symptomatic at the time of the sonogram. 

In comparing color and duplex Doppler sonography in all 
32 shunts, we found that all portacaval and mesoatrial shunts 
were adequately evaluated by both techniques. Duplex Dop- 
pler was also successful in the evaluation of seven of eight 
mesocaval shunts (see Fig. 3B). Color Doppler sonography 
correctly assessed patency in all 14 splenorenal shunts. Du- 


Fig. 3.—Mesocaval shunt. 

A, Longitudinal color Doppler image shows su- 
perior mesenteric vein (SMV) anterior to synthetic 
graft (arrow). Color signals are often impossible 
to demonstrate throughout an entire graft in one 
image because of changing relationship between 
flow direction and Doppler beam. 

B, Patency of mesocaval shunt in another pa- 
tient is confirmed by showing flow entering distal 
inferior vena cava (I) from another direction. With 
persistent scanning, walls of shunt were eventu- 
ally appreciated (curved arrow). Note posterior 
acoustic shadowing from graft walls (straight ar- 
rows). 





A 


Fig. 4.—Distal splenorenal shunt. 


A, Real-time image from duplex Doppler scan performed via a left anterior approach. No major 


vessels are identified in expected area of splenic limb of Warren shunt. 


CALOR DOPPLER OF PORTOSYSTEMIC SHUNTS 395 


plex Doppler sonography, however, fulfilled our criteria for a 
successful study in only four of 14 splenorenal shunts 
(Table 2). 

Among the 32 shunts, the anastomosis was imaged by 
color Doppler sonography clearly in 23, probably in four, and 
not at all in five (Table 3). 


Discussion 


Sonography has been advocated since 1977 as a nonin- 
vasive method of evaluating portosystemic shunts [6]. So- 
nography is particularly applicable in acutely ill or uncomfort- 
able patients. In addition, the inherent properties of sonogra- 
phy make it an attractive screening procedure immediately 
after placement of a shunt or before liver transplantation. 
Unfortunately, the use of real-time sonography in the evalua- 
tion of portosystemic shunts has been limited, since its ana- 
tomically oriented images can only suggest patency. Duplex 








Fig. 5.—Thrombosis of mesoatrial shunt is in- 
dicated by complete absence of color within echo- 
genic walls (arrows). 


B, Color Doppler image from same location clearly shows flow in splenic vein (S) coursing toward 
left renal vein. Anastomosis and left renal vein were imaged by scanning from other vantage points. 


Duplex Doppler sonography is unsuccessful in these situations. 
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TABLE 1: Sensitivity and Specificity of Color Doppler Imaging 
in the Evaluation of Portosystemic Shunts 


Correctly Diagnosed 
by Color Doppler 


Angiography/MR 





Type of Shunt 
Patent Thrombosed Total 

















Imaging 
Portacaval 3 1 4 4 
Mesoatrial 3 2 5 5 
Mesocaval 5 1 6 6 
Splenorenal 6 1 7 7 
Total 17 5 22 22 


TABLE 2: Duplex vs Color Doppler Imaging in the Evaluation of 
Portosystemic Shunts 


Adequate Shunt 








Type of Shunt ti Visualization 
Duplex Color 
Portacaval 5 9 5 
Mesoatrial Ə 5 5 
Mesocaval 8 FA 8 
Splenorenal 14 4 14 
Total 32 21 32 


TABLE 3: Ability of Color Doppler to Image Shunt Anastomoses 














Tota Not l 

Type of Shunt hig Imaged Imaged Questionable 
Portacaval 5 4 1 0 
Mesoatrial 5 2 3 0 
Mesocaval 8 8 0 0 
Splenorenal 14 9 1 4 
Total 32 23 5 4 


Doppler sonography, however, provides physiologic flow in- 
formation and has been used successfully by a number of 
authors in the evaluation of portosystemic shunts [9, 11- 
16]. Color imaging is the latest refinement of sonographic 
technology, and its potential in the evaluation of portosys- 
temic shunts has not, to our knowledge, been investigated. 
Color Doppler sonography was capable of directly imaging 
shunt flow and inferring patency vs thrombosis in all patients. 
Sensitivity and specificity were 100% in our series. 

Previous studies of portosystemic shunts using duplex 
Doppler sonography have found the technique to be relatively 
accurate. The success of duplex Doppler sonography, how- 
ever, is largely dependent upon the location of the shunt. 
Duplex Doppler sonography can image portacaval and me- 
soatrial shunts quite adequately. Our study corroborates ear- 
lier work in this regard [10, 12-14]. Although color Doppler 
sonography increased confidence and markedly lessened 
scanning time, it offered no true diagnostic advantage over 
duplex Doppler in imaging these two types of shunts. Our 
results also indicate that mesocaval shunts are most often 
adequately imaged by duplex Doppler sonography. In our 
experience, real-time scanning, in fact, typically identified the 
echogenic walls of the synthetic graft more readily than color 
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Doppler imaged the flow within. Once the graft was located, 
either color or duplex Doppier sonography could be used to 
establish patency. Of all shunts, Doppler signals were the 
most difficult to elicit from within the synthetic walls of me- 
socaval grafts. In the single mesocaval shunt that was not 
seen with duplex Doppler sonography, the initial feature iden- 
tified by color Doppler sonography was the presence of a 
localized area of reversed flow in the mid-distal inferior vena 
cava. As the inferior vena cava has no major infrarenal 
branches, such flow could only be from the patient’s shunt. 
Duplex Doppler sonography was not capable of graphically 
depicting this flow phenomenon and was unsuccessful in this 
case. 

While duplex Doppler imaging has been considered as a 
potential screening procedure for all types of portosystemic 
shunts, a review of the literature reveals that most of the 
patients studied had portacaval communications [11-15]. 
Unfortunately, portacaval shunts are being constructed less 
frequently as liver transplantation becomes an accepted form 
of therapy for patients with end-stage liver disease and portal 
hypertension. Mesocaval and splenorenal shunts, therefore, 
are being performed more frequently. Although duplex Dop- 
pler sonography has been relatively successful with mesoca- 
val shunts, the evaluation of distal splenorenal shunts has 
been problematic. Foley et al. [9], in fact, specifically ad- 
dressed left upper quadrant shunts and found duplex Doppler 
sonography thoroughly inadequate. Our results with duplex 
Doppler sonography, though somewhat better than those of 
Foley et al., were still disappointing. The venous limbs of 
splenorenal shunts were visualized by real time in only four 
of 14 cases. Adequate placement of a Doppler cursor, there- 
fore, was not possible. Color Doppler sonography, on the 
other hand, was far more successful in the left upper quad- 
rant. The color Doppler image was visible through a relative 
veil of bowel gas and backscatter. Adequate visualization of 
the splenic and renal limbs of Warren shunts was possible in 
all of our patients. While the thin walls of native veins are not 
brightly echogenic, they apparently offer little impedance to 
the transmission of the Doppler beam. The implanted splenic 
vein is easily located with color Doppler imaging. 

While color Doppler imaging was capable of inferring shunt 
patency in all patients in our series, the shunt anastomosis 
was somewhat more challenging to find. As expected, visibil- 
ity varied with the type of shunt being evaluated. The anas- 
tomosis between the portal vein and the inferior vena cava 
was seen readily in almost all patients. The liver provided an 
excellent acoustic window. Likewise, the junction between 
the synthetic graft and the inferior vena cava in mesocaval 
shunts was readily imaged once an appropriate acoustic 
window was found. Demonstration of the anastomoses in 
mesoatrial and splenorenal shunts, however, was more com- 
plicated. In mesoatrial shunts, the junction between the su- 
perior mesenteric vein and the graft lies deep within the 
abdomen. This region is notoriously difficult to evaluate with 
sonography because of surrounding bowel gas and mesen- 
teric fat. This situation is probably further worsened by the 
high attenuation of the synthetic graft walls. Fortunately, long 
portions of all mesoatrial shunts are easily imaged as they 
pass cephalad and come to lie directly beneath the anterior 
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abdominal wail. In our experience, confirmation of flow within 
even a small portion of a mesoatrial (or mesocaval) shunt is 
sufficient to establish patency. 

The anastomosis between the splenic vein and left renal 
vein in Warren shunts also may be difficult to inage. The 
splenic limb of the shunt usually can be followed dorsally for 
a considerable distance when scanning from a left subcostal 
approach. Left renal vein flow, however, is normally directed 
perpendicular to the splenic vein. Doppler signals from the 
left renal vein, therefore, are best received by scanning 
through the left flank. Because imaging of the splenic and 
renal veins is optimally performed from two different vantage 
points, the anastomosis may be difficult to image in a single 
section. With experience and meticulous technique, color 
Doppler sonography should be capable of visualizing the 
anastomosis of patent splenorenal shunts in most patients. 
We have found that scanning the patient when the stomach 
is empty is particularly helpful. 

In our patient with a splenorenal shunt and angiographically 
proved thrombosis, the actual site of occlusion was not seen. 
This is to be expected in splenorenal shunts since the walls 
of native veins are not sufficiently echogenic to outline the 
shunt if a color signal is absent. Thrombosis, however, was 
inferred when a tangle of vessels was found extending from 
the spleen to large retroperitoneal collaterals. Among these 
vessels, the splenic limb of the shunt could not be defined as 
an individual structure. The presence of shunt dysfunction in 
this patient was particularly obvious since a routine postop- 
erative study 6 weeks earlier showed the typical single vessel 
extending from the splenic hilum to the left renal vein. No 
collaterals were present at the time of the earlier study. The 
appearance of collaterals in the patient with thrombosis was 
similar to that in the patient with suspected shunt dysfunction 
secondary to narrowing of the central left renal vein. On the 
basis of these two cases, abnormal shunt physiology (or 
actual thrombosis) should be suspected in any patient with a 
splenorenal shunt in whom left upper quadrant collaterals are 
identified instead of a well-defined splenic limb. 

Our study has found color Doppler sonography to be an 
excellent noninvasive method of imaging portosystemic 
shunts of all varieties. The examination is well tolerated and 
may even be performed portably, if necessary. While duplex 
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scanning offers diagnostic information in most patients with 
portacaval, mesocaval, and mesoatrial shunts, color Doppler 
imaging is performed more rapidly, and anatomic delineation 
of shunt physiology increases physician confidence. In the 
evaluation of splenorenal shunts, however, our study shows 
color Doppler sonography to be superior to duplex Doppler 
sonography and the only adequate sonographic method of 
evaluation. 
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Book Review 





Doppler Ultrasound. Physics, Instrumentation, and Clinical Applications. By D. H. Evans, W. N. McDicken, 
R. Skidmore, and J. P. Woodcock. New York: Wiley, 287 pp., 1989. $96.50 


The aim of this book is to provide a description of Doppler tech- 
nology, physical mechanisms and signal-processing techniques, and 
appropriate clinical applications of this technology. The authors have 
attempted to highlight those parts of the text that would appeal to 
readers who are more interested in advanced reading by placing a 
vertical rule in the left-hand margin of the text opposite those sections. 
The remainder of the text is thought to be essential reading for those 
who desire an understanding of the principles and technology of 
Doppler ultrasound. 

Basic physical principles underlying blood flow are discussed. 
Important flow phenomena such as viscosity; laminar, turbulent, and 
disturbed flow; Poiseuille flow; and the effects of branching and 
converging vessels are discussed. The effects of curving or tortuous 
vessels on blood-flow patterns are described also. The extensive 
chapter on basic physics of Doppler ultrasound gives explanations in 
more detail than is necessary for a basic understanding of Doppler 
applications in medical practice. Explanations of Doppler principles 
are geared at derivations of formulas rather than practical understand- 
ing and appear to be designed more for mathematicians, physicists, 
and biomedical engineers interested in deriving formulas and equa- 
tions rather than for physicians attempting to understand Doppler 
principles for clinical applications. 

Chapter 4 gives an overview of Doppler systems and describes a 
variety of Doppler instruments. Many of these instruments are out- 
dated and rarely used, such as continuous-wave Doppler raster-scan 
velocity imaging and pulsed-wave projectional Doppler imaging. 
These infrequently used systems are given as much consideration 
and space as the more commonly used duplex and color flow 
instruments. Table 4.2 compares features of a wide range of different 
Doppler instruments and might be of some use for a quick review of 
system capabilities and limitations. The section on ultrasonic trans- 
ducers, fields, and beams is a relatively standard approach to this 
topic. The chapter dealing with Doppler electronics is basic but 
provides an excellent set of references for those interested in a more 


extensive evaluation of Doppler electronics and signal processing. A 
brief chapter on recording and reproduction methods for Doppler 
ultrasound is too abbreviated to be of significant value. The discussion 
of the origin of the Doppler color spectrum in chapter 8 spends a 
great deal of time on continuous-wave Doppler imaging and only a 
brief amount on pulsed Doppler technology. As the majority of clinical 
instruments use pulsed Doppler imaging, this again seems to be 
weighted more toward the physicist and engineer than toward the 
Clinician. 

Although this book offers a great deal of information on the physical 
principles underlying Doppler electronics and signal processing, the 
emphasis is more on basic science and physics than on potential 
clinical relevance and practical applications. Clearly this text is more 
devoted to physics and instrumentation than it is to clinical applica- 
tions, as the clinical chapters are quite abbreviated. The references 
in the clinical section are heavily weighted to European literature, and 
many recent important articles on Doppler imaging published in the 
United States are omitted. The tendency is to give equal time to 
technologies of historical interest and those now more widely used 
clinically. A brief section on color imaging is up-to-date and appears 
in the cardiology section, although most of the color images are not 
from cardiac studies. 

This text will be of great value to physicists, mathematicians, or 
engineers who are interested in becoming familiar with the field of 
Doppler ultrasound instrumentation and its potential clinical applica- 
tions. However, it will be of limited usefulness to the majority of 
radiologists and residents as its clinical sections are abbreviated and 
the emphasis on physics and instrumentation is more extensive than 
necessary for basic understanding of the principles, instrumentation, 
and potential applications of Doppler sonography. 


Barbara A. Carroll 
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Color Doppler Sonographic 
Imaging in the Assessment of 
Upper-Extremity Deep Venous 
Thrombosis 





Color Doppler flow imaging with linear-array transducers was performed in 130 
extremities in 91 patients with suspected upper-extremity deep venous thrombosis. 
Thrombi were detected in 39 studies (30%). Eighty-four patients had either imaging 
examinations (22 studies comprising venography in 20 patients, CT in one, and MR 
imaging in one) or clinical follow-up (99 studies) for correlation. In studies with imaging 
correlation, the sensitivity of the Doppler studies was 78% and the specificity was 92%. 
There were two false-negative examinations in which the proximal subclavian vein either 
could not be imaged or the anatomy was distorted. There was one false-positive color 
Doppler diagnosis of deep venous thrombosis in a case of partial obstruction of the 
subclavian vein caused by extrinsic compression. There were no known additional 
errors in color Doppler imaging in patients who had clinical follow-up. Four cases of 
isolated superior vena cava or proximal innominate vein obstruction were missed by 
color Doppler imaging. 

Color Doppler flow imaging is an accurate, noninvasive method for the evaluation of 
upper-extremity deep venous thrombosis. Other imaging tests may be required when 
the color Doppler study is negative and central venous thrombosis is suspected. 


AJR 154:399-403, February 1990 


The prevalence of thrombosis of the upper-extremity and thoracic inlet veins is 
increasing, primarily because of the expanded use of pacemaker implants and 
central venous catheters. In a recent review of the surgical literature, thromboses 
occurred in 28% of patients with subclavian catheterizations, often without symp- 
toms. In addition, 12% of the patients with upper-extremity venous thrombosis had 
pulmonary emboli [1]. Contrast venography is the accepted gold standard in 
diagnosis of upper-extremity deep venous thrombosis. CT, MR imaging, and 
radionuclide venography have been advocated in the evaluation of mediastinal and 
thoracic inlet venous obstruction [2, 3]. Real-time and duplex Doppler sonography 
have shown promise in the evaluation of upper-extremity thrombosis [4-8]. Sonog- 
raphy is also being advocated as the initial screening test in lower-extremity deep 
venous thrombosis [9-12]. 

Color Doppler flow imaging retains the benefits of sonography and has the 
advantage of permitting direct visualization of the presence and direction o* blood 
flow within the vessel lumen. We report our experience with the use of color 
Doppler flow imaging of the upper-extremity veins. 


Materials and Methods 


Over a 2-year period ending in December 1988, a total of 130 examinations were performed 
in 91 patients referred to the radiology department for suspected upper-extremity deep 
venous thrombosis (age range, 17-87 years; mean, 49 years). 

The studies were performed by using a color Doppler flow imaging device (QAD |, Quantum 
Medical Systems, Issaquah, WA). Five- and 7.5-MHz linear array transducers were used with 
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a fluid-filled, wedged-shaped standoff attached to the transducer to 
create an angle between the sound beam and the longitudinal axis 
of vessels running parallel to the skin surface. Each pixel in the 
sonogram is analyzed as to (1) amplitude, which determines an 
appropriate gray scale; (2) phase shift toward or away from the 
transducer, which determines color assignment (either red or blue); 
and (3) frequency shift, which determines the degree of color satu- 
ration or hue. Low-frequency shifts indicating slow flow relative to 
the ultrasound beam result in deeper hues of red or blue. High- 
frequency shifts result in less color saturation and, therefore, paler 
shades of red or blue. Color assignment was selected by the operator 
and was chosen so that most veins were color-encoded blue. 

The patient was placed supine and the examiner was situated at 
the head of the bed (Fig. 1). Patients were scanned along the inner 
aspect of the upper arm, then into the axilla to visualize the brachial 
venae comitantes, basilic vein, and distal axillary vein. An infracla- 
vicular approach through the pectoral muscles was used to image 
the proximal axillary and distal subclavian veins at the thoracic outlet. 
A supraclavicular approach was used to image the proximal subcla- 
vian vein and the distal innominate vein. The neck was scanned to 
evaluate for internal jugular vein patency. A 7.5-MHz probe was used 
for imaging vessels in the arm and neck; a 5.0-MHz probe was used 
for the infraclavicular transpectoral approach. Coverage was, there- 
fore, obtained from the basilic vein and brachial venae comitantes 
proximally to the distal innominate vein (Figs. 1-3). The proximal 
innominate veins cannot be directly imaged routinely with this tech- 
nique by using linear-array transducers. 

















Key to Abbreviations Used in Figures 


as anterior scalene muscle 
AV axillary vein 

BA brachial artery 

BSV basilic vein 


cl clavicle 

CV cephalic vein 

IJV internal jugular vein 
IV innominate vein 


pmn pectoralis minor 
SA subclavian artery 
SV subclavian vein 








Fig. 1.—Examiner’s “eye view” of upper-extremity veins. Subclavian 
vein lies anterior to anterior scalene muscle and is anterior and inferior to 
subclavian artery. See key for abbreviations. 
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Fig. 2.—Normal anatomy. As axillary vein crosses the first rib it becomes 
the subclavian vein. Note confluence of external jugular vein and trans- 
verse cervical vein (arrowhead). See key for abbreviations. 


Images were obtained both parallel and perpendicular to the lon- 
gitudinal axis of the veins. Respiratory maneuvers were not used 
routinely because of the ability of the system to image slow flow 
within the veins down to 0.3 cm/sec relative to the ultrasound beam. 
Slow-flow, high-sensitivity settings were used when it was difficult to 
demonstrate venous flow across the full vessel diameter at higher 
flow settings. The anatomy of the innominate, subclavian, and prox- 
imal axillary veins prevents the use of compression techniques in 
these vessels. 

Digital recordings were obtained on videotape. Pulsed Doppler 
spectral analysis was not performed unless it was difficult to differ- 
entiate vein from artery. Real-time imaging routinely permits the 
observation of normal respiratory variation of flow in the vein. 

Venous thrombosis was indicated by the absence of color signal 
within the lumen of the vein, or by the direct visualization of vessel 
lumen narrowing by nonocclusive thrombus (Fig. 4). Visualization of 
collateral vessels was considered confirmatory evidence of throm- 
bosis formation. Negative studies were those in which normal patency 
and color flow were seen throughout the examination. 

Indications for color Doppler flow imaging included complications 
(upper-extremity edema, failed placement, nonfunction, infection) 
from central venous catheters (44 studies), arteriovenous fistulas for 
dialysis (nine studies), and upper-extremity edema from other causes 
such as IV drug abuse, effort, and mastectomy (39 studies). Color 
Doppler flow imaging was also performed in patients who were 
currently asymptomatic but had a history of multiple previous central 
venous catheters, prior failed attempts at placing a contralateral 
central catheter, known mediastinal mass or infection, or prior failure 
of an arteriovenous fistula surgically created for dialysis (38 studies). 

Of the 130 examinations, correlative imaging studies were re- 
quested by the referring medical service or the sonographer in 22 
cases. Twenty of the correlative examinations were venograms. One 
patient had a follow-up MR image and one patient had a follow-up 
CT scan. Of the 22 cases that had correlative imaging studies, the 
prospective interpretation of the color Doppler flow study was cor- 
related with the result of the other diagnostic examination. 

Clinical follow-up was available for an additional 99 examinations. 
In patients with no thrombus found with color Doppler flow imaging, 
follow-up consisted of either resolution of the patient's symptoms 
without anticoagulant therapy (48 studies) or successful placement 
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Fig. 3.—Representative views of normal anatomy. Lateral is to the left, medial to the right. See key for abbreviations. 
A, Color Doppler sonogram parallel to longitudinal axis of basilic vein and brachial artery. Brachial venae comitantes (there can be one or two) not 


shown on this image. 
B, Infraclavicular view parallel to longitudinal axis of subclavian vein. 


C, Supraclavicular view of medial subclavian vein and distal innominate vein. 





Fig. 4.—True-positive study with angiographic correlation. See key for abbreviations. 

A, Color Doppler sonogram shows abrupt cutoff of basilic vein by thrombus (arrow). Reconstitution into innominate vein also was observed with color 
Doppler flow imaging (not shown). 

B and C, Upper-extremity venogram confirms thrombus in basilic (curved arrow), axillary, and subclavian veins with reconstitution of innominate vein 
(straight arrows) by collaterals. 


of a central venous catheter or surgical creation of an arteriovenous 
fistula for dialysis (19 studies). In patients with deep venous throm- 
bosis found on color Doppler flow imaging, clinical follow-up consisted 
of resolution of the patients’ symptoms with anticoagulant and/or 
antithrombolytic therapy (23 studies) (Fig. 5) or only conservative 
treatment (nine studies). Conservative treatment was performed be- 
cause of clinical concerns that the risks involved with anticoagulation 
were too great or clinical determination that the thrombus was 
chronic. Seven patients (nine studies) had neither correlative imaging 
studies nor follow-up. 


Results 


Venous thrombosis involving the deep veins of the upper 
extremity and thoracic inlet was diagnosed correctly in seven 
of nine cases of thrombosis found with correlative imaging 


(sensitivity, 78%). In patients with only clinical follow-up, 32 
cases of deep venous thrombosis were diagnosed with color 
Doppler flow imaging. No errors were found in patients with 
only clinical follow-up. In both cases of thrombus found with 
correlative imaging but not with Doppler imaging, thrombus 
was present in the proximal subclavian veins. This was due 
to (1) the inability to image the medial subclavian vein directly 
or (2) the appreciation of distorted venous anatomy in this 
region, but failure to identify the thrombus-filled subclavian 
vein prospectively (Fig. 6). Venograms were recommended in 
both of these cases. In three patients in whom the upper- 
extremity veins were normal, thrombus (two of the three only 
partly stenosed) involving only the superior vena cava was 
found on subsequent venography (one case), MR (one case), 
or CT (one case). In one patient with normal upper-extremity 
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veins, partly stenosing thrombus involving only the proximal 
innominate vein was seen on venography. The superior vena 
cava and proximal innominate vein cannot be routinely imaged 
directly with color Doppler flow imaging with linear-array 
transducers; therefore, these four cases were considered to 
be true negative for upper-extremity thrombosis. 

Absence of venous thrombosis of the deep veins of the 
upper extremity and the thoracic inlet was diagnosed correctly 
in 12 of 13 cases confirmed by correlative imaging (specificity 
92%). In patients with only clinical follow-up, absence of 
venous thrombosis was seen in 67 studies. No errors with 
color Doppler flow imaging were found in patients with only 
Clinical follow-up. There was one false-positive color Doppler 
study (Fig. 7). In this case, subclavian vein obstruction was 
present, but was caused by extrinsic compression on the 
subclavian vein by a mass; no thrombus was present at 
venography. 


Discussion 


Venography has been considered the diagnostic gold 
standard in the evaluation of upper-extremity deep venous 
thrombosis. Upper-extremity venography is an invasive tech- 
nique, however, involving cannulation of a frequently tender, 
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swollen extremity and the use of iodinated contrast material. 
Both CT and MR imaging have been advocated in the evalu- 
ation of the thoracic inlet and mediastinal veins. 

Real-time and duplex Doppler sonography have shown 
promise in the evaluation of upper-extremity thrombosis [4- 
8]. Compression sonography is being advocated as the initial 
screening method in the evaluation of lower-extremity deep 
venous thrombosis because of its accuracy and noninvasive 
nature [9-12]. Color Doppler flow imaging retains the benefits 
of sonography and has the advantage of permitting direct 
visualization of blood-flow dynamics throughout the vessel 
lumen. This makes identification of nonocclusive and/or ane- 
choic thrombus easier than with real-time or duplex Doppler 
sonography. Evaluation of lower-extremity deep venous 
thrombosis by color Doppler flow imaging has been shown to 
be efficacious [13]; evaluation of several patients with upper- 
extremity deep venous thrombosis by using color Doppler 
flow imaging has been reported [6]. 

Color Doppler flow imaging has several advantages over 
upper-extremity venography. It is noninvasive, portable, uses 
no contrast material, and permits evaluation of the internal 
jugular vein. Follow-up studies during anticoagulant or anti- 
thrombolytic therapy are well suited to color Doppler flow 
imaging. 


Fig. 5.—Use of color Doppler flow imaging to 
assess antithrombolytic treatment. See key for 
abbreviations, p. 400. 

A, Initial sonogram shows thrombus in left 
axillary vein with collateral (arrow). Subclavian 
vein also was found to be thrombosed on color 
Doppler flow examination. 

B, 1 day after IV urokinase therapy. Color flow 
is now present in center of axillary vein lumen. 
This sonogram is more proximal than A, account- 
ing for apparent increase in cross-sectional di- 
ameter. 


Fig. 6.—False-negative color Doppler flow 
study with angiographic correlation. Lateral is to 
the left, medial to the right. See key for abbre- 
viations, p. 400. 

A, Color Doppler flow image. Distorted venous 
anatomy is seen in region of subclavian vein 
medial to clavicle. (in this view, all color-encoded 
vessels are veins: flow toward transducer is 
color-encoded blue.) Two veins arch toward 
transducer (straight arrows) and then empty into 
innominate vein. 

B, Venogram shows two large collaterals (ar- 
rows) corresponding to vessels seen on color 
Doppler flow image. Subclavian vein is throm- 
bosed, seen only in retrospect on color Doppler 
image (curved arrow, A). 
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Fig. 7.—False-positive color Doppler flow 
Study with angicgraphic correlation. Lateral is to 
the left, medial to the right. See key for abbre- 
viations, p. 400. 

A, Infraclavicular sonogram. Subclavian vein 
is patent up to clavicle shadow; however, per- 
sistent reversal of flow (flow toward transducer, 
color-encoded red) was noted in a prominent 
vein (arrow) near its insertion into subclavian 
vein. Obstruction of subclavian vein by more 
centrally located thrombus was suspected, with 
prominent vein serving as a collateral. 

B, Venogrameveals proximal obstruction of 
subclavian vein, with prominent collateral (ar- 
row) flowing cephalad. Tapering of subclavian 
vein at site of obstruction led to suspicion of 
extrinsic compression on vein rather than intrin- 
sic thrombus. A catheter was successfully 
placed past site of obstruction into innominate 
vein. CT confirmed extrinsic compression of vein 
by tumor mass. 


A 


Although color Doppler flow imaging has definite advan- 
tages over venography, it also has several weaknesses. It 
cannot directly image the superior vena cava and the proximal 
segment of the innominate veins with linear-array transducers. 
The use of respiratory maneuvers while imaging the subcla- 
vian vein has been advocated as an indirect means of deter- 
mining patency of the more proximal veins [5]. In three of the 
four patients in whom deep venous thrombosis was confined 
to the superior vena cava or proximal innominate vein, the 
thrombus was nonocclusive. An abnormal response to res- 
piratory maneuvers in partial obstruction of the superior vena 
Cava was reported in one case [5]; therefore, use of these 
maneuvers may yield abnormalities even in nonocclusive cen- 
tral thrombus, depending on the degree of obstruction. If an 
abnormal response is seen during respiratory maneuvers on 
an otherwise normal color Doppler study, or if a more central 
thrombus is suspected clinically, upper-extremity venography 
is indicated. 

Acoustic shadowing from the clavicle results in nonvisuali- 
zation of a short segment of the subclavian vein (Fig. 3). 
Therefore, careful imaging of the vein both medial and lateral 
to the clavicle is needed to confirm patency. Failure to do this 
may have been a contributing factor in one of our false- 
negative cases (Fig. 6). Linear-array transducers with large 
footprints can be somewhat cumbersome to use at the base 
of the neck. Sector transducers with or without lower fre- 
quencies may offer an advantage in this area, and may allow 
visualization of the proximal innominate vein and superior 
vena Cava. 

In summary, color Doppler flow imaging is an accurate 
method for the evaluation of upper-extremity deep venous 
thrombosis. It has several advantages over upper-extremity 
venography: it is noninvasive, allows direct imaging of the 
internal jugular vein, can be performed portably, and is well 
Suited to following results of treatment. If there is clinical 
suspicion of thrombus within the proximal innominate vein or 
Superior vena cava, other diagnostic examinations are indi- 
cated. 
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Book Review 





Nuclear Medicine Annual 1989. Edited by Leonard M. Freeman and Heidi S. Weissmann. New York: Raven, 307 


pp., 1989. $98 


The lead editor states in the preface that in this, the 10th issue, as 
in all preceding issues, he wishes to present in-depth, state-of-the- 
art reviews of current interests in both basic science and clinical 
practice. The editors have succeeded admirably by presenting a 
number of articles by well-known authors from both the United States 
and abroad who know their topics well. Sequels spawned by Holly- 
wood for moviegoers or television viewers all too frequently lack the 
spontaneousness, the depth, or the clarity of the originals from which 
they were cloned. This is not true of this book. It is at least equal to 
the 1987 issue, which | was privileged to review, and may be better. 

The reviews are simple and clear, yet extremely comprehensive, 
and cover a number of topics pertinent to nuclear imaging. As always, 
organ-related summaries are included, instrument-related items are 
covered, and new entities are discussed. This issue also includes 
two topics that will become quite important to those who only recently 
have entered medical fields. The first is “Clinical Decision Making in 
Nuclear Medicine”; the second, and somewhat more provocative, is 
“Management, Self-Assessment, Governmental Relations and Medi- 
cal Legal Review.” The lead article is about the thyroid gland: imaging, 
the radionuclides used, the scan findings and their relevance, the 
diseases a thyroid scan will uncover, and the treatment and compli- 
cations of thyroid disorders. It is concise yet complete and is replete 
with a number of handy tables, such as the classification of thyrotox- 
icosis and a listing of all radiopharmaceuticals applicable to the thyroid 
and the specific uses of each. 

This is followed by a treatise on aging, a continuation of the lead 
article from the 1987 issue. It compares the findings from MR, CT, 
and positron-emission tomography (PET) in the elderly. MR has some 
advantage over CT in that MR can show paraventricular white-matter 
disease that cannot be appreciated otherwise. Generalized atrophy, 
once thought to be significant, is common in normal elderly subjects, 
but regional zones of atrophy do seem to suggest certain disease 
states and are somewhat selective. Present and future PET work will 
center on cerebral blood flow and metabolic changes, as it has been 
shown that common factors in brain deterioration seem to be the 
result of a combination of small-vessel disease and hypoperfusion. 
Graham discusses the problems discovered in newly installed ma- 
chines for single-photon emission CT and states that many recently 
installed systems cannot meet specifications and cannot be expected 
to operate satisfactorily. He then gives a detailed discussion on proper 


initial evaluation of the camera and the steps necessary for day-to- 
day calibration. 

Two articles on bone imaging follow. The first is devoted to stress 
injuries and the importance of distinguishing between fracture-related 
and soft-tissue injuries. Recent studies have shown that 40% of 
those with documented painful stress fractures also have other 
nonsymptomatic lesions that can be found if a complete study is 
done. If untreated, these lesions eventually will become symptomatic. 

The next article focuses on correlation of nuclear techniques with 
CT and MR in bony inflammation, tumor, and osteonecrosis. It 
concentrates on not merely making a diagnosis but on attempting to 
time the stages of healing. “Pediatric Renal Radionuclide Studies” 
covers a vast topic, including the detailed discussion of the radio- 
nuclides used, the doses, the radiation doses expected, the differ- 
ential points of interest, and the modes of study used today. The 
review on clinical decision making discusses how to write an adequate 
paper, how to study a problem, and how to dissect an article to 
determine if the logic used is correct. Decision analysis is covered 
step by step so that the reader knows not only what the test result 
is but also why the test was run, what the test studies, and what the 
significance is of a positive or a negative result. 

Finally, some tips are given on the type of personality or the 
qualities that a good manager has. This topic is handled nicely as is 
the discussion that follows on government intervention in medicine 
and what can be expected from the government in the future. The 
review ends with a discussion of contracts between facilities, busi- 
nessmen, and physicians. 

The quality of the entire issue is superb. The paper, printing, 
figures, and plates are excellent. | highly recommend this book as an 
update to anyone in imaging, to those who order or view images as 
a way of understanding the results of examinations, and to students 
in training because of the timely reviews. This volume alone is not 
sufficient. The previous nine should be obtained also as none is, in 
itself, complete. However, the total group offers the best in detailed 
coverage of pertinent topics in nuclear medicine. 
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Diagnosis of Synthetic Vascular 
Graft Infection: Comparison of CT and 
Gallium Scans 





Sixteen patients were examined with both abdominal CT and °’Ga scintigraphy for 
suspected synthetic vascular graft infection. Two patients were studied twice, yielding 
a total of 18 paired tests. A total of 25 grafts were analyzed. The results of CT and Ga 
scintigraphy were compared for grafts in specific anatomic locations including the 
retroperitoneum, groin, and abdominal wall, and for combined sites. When all locations 
were considered as a group, CT had a sensitivity of 100% and specificity of 72%; “Ga 
scintigraphy had a sensitivity of 78% and specificity of 94%. “Ga scintigraphy proved 
to be more specific than CT (p < .05) for combined sites, but no significant difference 
in sensitivities was demonstrated, possibly because of the small number of infected 
grafts in our study. No differences in sensitivities or specificities were statistically 
significant when grafts in individual anatomic sites were analyzed. 

Since no significant difference between the sensitivities of CT and Ga scanning was 
demonstrated in our study, although the number of infected grafts was small, CT is 
recommended as the initial examination when graft infection is suspected because it 
can be performed immediately. Ga scintigraphy remains an important complementary 
test, adding specificity to the diagnostic workup. 


AJR 154:405-409, February 1990 


Synthetic graft infection is an uncommon complication of peripheral vascular 
surgery, but significant morbidity and mortality can result. The clinical diagnosis of 
graft infection can be difficult, particularly if the graft is retroperitoneal, because 
presenting symptoms are often nonspecific [1, 2]. Because a delay in diagnosis 
increases mortality from 20% to 100%, efficacious imaging is an important contri- 
bution to patient care [2, 3]. 

Various techniques have been used to evaluate suspected graft infections 
including CT, '''In-labeled WBC scans, angiography, °’Ga-citrate scintigraphy, 
sonography, and MR imaging [4-17]. Previous studies have compared CT with 
''In-WBC scans [4] and CT with angiography [5]. Although CT and °’Ga scintig- 
raphy are widely available and often used to detect infections, few patients with 
potential graft sepsis have been evaluated with both tests [2, 7-9, 11]. The purpose 
of our study was to compare °’Ga scintigraphy with CT in the diagnosis of synthetic 
vascular graft infections. 


Materials and Methods 


Sixteen patients suspected of having synthetic vascular graft infections were evaluated 
with both CT and °’Ga scintigraphy at our institution between June 1986 and December 
1988. Two patients were studied twice during separate admissions, for a total of 18 paired 
CT and °’Ga tests. The 16 men were 46-77 years old (mean, 64 years). Three patients had 
more than one synthetic vascular graft. A total of 25 grafts were analyzed including aortobiiliac 
(n = 2). aortobifemoral (n = 12), aortoiliofemoral (n = 2), axillofemoral (n = 3), axillopopliteal 
(n = 2), femoropopliteal (n = 3), and femorofemoral (n = 1). Grafts were evaluated for a 
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period of 3 weeks to 17 years (mean, 3 years; median, 8 months) 
after the most recent peripheral vascular procedure. 

All CT studies were performed with a Picker 1200 SX scanner 
using 10-mm collimation at either 10- or 15-mm intervals. Images 
were obtained of the abdomen, pelvis, and proximal thighs to include 
groin anastomoses. Oral contrast material was administered in 17 
cases; IV contrast material was used in 13 cases. 

CT scans were reviewed retrospectively for signs of graft infection. 
A study was considered to be positive if any one of the following 
findings was present: (1) thickened graft wall or increased perigraft 
soft tissue, (2) perigraft fluid, (3) anastomotic pseudoaneurysm, (4) 
graft occlusion (excluding intentional surgical occlusion), or (5) gas 
collections in the graft bed (Figs. 1A, 2A, and 2B). If superficial incision 
and drainage at a groin had preceded imaging, soft-tissue gas was 
not used as a criterion of infection. Otherwise, findings were consid- 
ered to indicate infection irrespective of antibiotic coverage or post- 
operative time interval. 

Patients were injected with 5 mCi (185 MBq) of °’Ga-citrate within 
1-21 days (mean, 4 days) of the corresponding CT scan. Initial 
images were obtained 24 (n = 4), 48 (n = 10), 72 (n = 3), or 96 (n = 
1) hr after administration of radionuclide. Additional delayed scans 
were obtained in six cases. Lateral, oblique, or posterior views of the 
abdomen or pelvis were obtained in five cases and single-photon 
emission CT was used in two cases to differentiate activity in surgical 
incisions from graft uptake. Paired °’Ga and CT scans obtained more 
than 4 days apart were evaluated to determine if delayed imaging 
potentially altered the results. 

All Ga scans were reviewed retrospectively. Studies were con- 
sidered to show infection if there was increased gallium activity along 
any portion of a graft as compared with adjacent soft-tissue activity 
(Figs. 2C and 2D). Images with abnormal uptake localized to surgical 
incisions only were classified as normal. The °’Ga scans were inter- 
preted independently of antibiotic administration and postoperative 
time period. The retrospective interpretations of the Ga scans were 
then compared with the original reports and discrepancies were 
evaluated. 

The CT and Ga results were analyzed as a function of the 
following anatomic locations: (1) retroperitoneum including the pelvis, 
(2) groin (inferior to the inguinal ligament), and (3) abdominal wall. 
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Aortobiiliac, aortobifemoral, and aortoiliofemoral grafts were exam- 
ined for retroperitoneal infection. Aortobifemoral, aortoiliofemoral, 
femorofemoral, axillofemoral, and femoropopliteal grafts were evalu- 
ated for infection at groin anastomoses. Axillofemoral and axillopop- 
liteal grafts were studied for infection extending along subcutaneous 
abdominal wall segments. 

Groin sites at which graft limbs had been explored or resected 
before imaging were excluded from analysis. Groin sites at which 
superficial incision and drainage of fluid collections did not entail 
dissection to the graft limb were included. Distal anastomoses of 
axillopopliteal and femoropooliteal grafts were not evaluated. 

The actual presence or absence of synthetic vascular graft infection 
in each case was based on surgical findings and clinical follow-up 
(nine patients) or clinical follow-up alone (nine patients). Graft infection 
was diagnosed if either graft cultures were positive or if purulent fluid 
was found to extend to a graft at surgical exploration. A graft segment 
was considered to be infected if inflammatory exudate surrounded 
the graft component at surgery, even if cultures were negative. Grafts 
were classified as noninfected if purulent material did not extend to 
the graft at operation or if signs and symptoms of graft infection 
failed to develop at clinical follow-up. 

Graft infections were documented in seven (39%) of 18 cases. A 
total of nine grafts were infected, including eight that had positive 
cultures and one that had a negative culture of purulent fluid surround- 
ing a limb. The other 16 grafts were not infected and no evidence of 
infection developed during clinical follow-ups of 1-23 months (mean, 
8 months). 

The sensitivities and specificities of CT and °’Ga for graft infection 
were calculated for each anatomic location and for combined sites 
by using standard methods. McNemar'’s test for correlated propor- 
tions was used to determine if there was a significant difference 
between the results of the two imaging techniques. As the total 
number of discordant cases was less than 20, the exact test was 
used [18]. 


Results 


The distribution of infections by body site and the corre- 
sponding CT and °’Ga results are summarized in Table 1. 





Fig. 1.—Infected aortobifemoral graft 6 years after vascular reconstructive surgery. 

A, True-positive CT study with IV contrast material shows low-density fluid (straight arrow) surrounding patent left limb of graft and slightly increased 
soft tissue (curved arrow) around patent right limb. 

B, False-negative Ga scan of upper abdomen 48 hr after radionuclide injection is normal and fails to show retroperitoneal graft infection. Note normal 
hepatic (H), splenic (arrow), and colonic (arrowheads) activity. 

C, Ga scan of lower abdomen and pelvis at 48 hr fails to show retroperitoneal infection. Increased uptake in left groin (arrow) is due to infected distal 
anastomosis. Note normal hepatic (H) and colonic (arrowheads) activity. 
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Fig. 2.—Infected right axillofemoral and left 
axillopopliteal grafts 3 months after surgery. 

A, CT scan shows fluid (straight arrow) sur- 
rounding axillofemoral graft and inflammatory 
changes adjacent to axillopopliteal graft (arrow- 
head). 

B, CT scan of pelvis shows fluid (arrow) 
around distal axillopopliteal graft. 

C, “Ga scan of upper abdomen shows abnor- 
mal accumulation of Ga along axillofemoral 
graft (arrow) lateral to liver (L). 

D, “Ga scan ef pelvis and proximal thighs 
shows increased “Ga activity extending to in- 
fected distal anastomosis of right axillofemoral 
graft (arrows) and abnormal uptake along in- 
fected left axillopepliteal graft (arrowheads). 


C 


TABLE 1: Distribution of Infections and Imaging Results 


; Retroperi- .. Abdominal i 
Variable pi ic Groin Wall Combined 
No. of graft sites 16 24 5 45 
No. of infections 2 5 2 9 
CT 
True positive 2 5 2 9 
False negative 0 0 0 0 
True negative 8 15 3 26 
False positive 6 4 0 10 
Sensitivity (%) 100 100 100 100 
Specificity (%) 57 79 100 72 
°’Ga scintigraphy 
True positive 0 5 2 7 
False negative 2 0 0 2 
True negative 13 18 3 34 
False positive 1 1 0 2 
Sensitivity (%) 0 100 100 78 
Specificity (%) 93 95 100 94 


The sensitivities and specificities of CT and Ga scintigraphy 
at each anatomic location and for combined sites are also 
given in Table 1. Note that a groin site with more than one 
anastomosis because of multiple grafts was analyzed as a 
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single data point. Five groin sites were excluded from analysis 
because extensive surgical exploration or graft limb resection 
preceded imaging, because of suboptimal image quality, or 
because of inadequate clinical correlation. This included one 
case of infection localized to the groin. 

Statistical analysis failed to show Significant differences in 
either the sensitivities or specificities of the two tests when 
individual sites were considered. Although both CT scans 
showed infection and both ®’Ga scans were normal in the two 
cases of retroperitoneal infection, no significant difference 
could be established because of the small number of infected 
cases. A trend toward better Ga specificity in the retroperi- 
toneum was noted, but the specificity was not Significantly 
different (p = .06) from that of CT. When combined body 
sites were analyzed, Ga proved to be more specific than 
CT (p = .02), but no significant difference in the sensitivities 
was demonstrated. 

When the original °’Ga scan reports were compared with 
the retrospective interpretations, two discrepancies were 
noted. Two °’Ga scans initially interpreted as normal were 
considered to be positive on review, one at a groin site and 
the other in the retroperitoneum. This resulted in the two 
false-positive studies in our analysis, because neither site 
proved to be infected. These two false-positive studies re- 
sulted in a decreased specificity for Ga scintigraphy, but the 
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overall specificity of Ga was still significantly better than that 
for CT. 

°7Ga was injected within 4 days of the corresponding CT 
scan in all but five cases. Among those five cases, only two 
discrepancies were noted between the results of the paired 
CT and °’Ga scans. Both discrepancies involved false-positive 
CT scans and true-negative Ga scans. Because the most 
likely error expected from delayed imaging is the conversion 
of a true-positive test to a false-negative test because of 
antibiotic administration, the prolonged interval separating 
some of the examinations in our study did not appear to 
affect the results. 

In one case, °’Ga provided incidental information that was 
more diagnostic than CT. A patient with fever and abdominal 
pain had both CT and Ga scans that did not show graft 
infection. Although CT showed gallbladder wall thickening, 
acute cholecystitis was not considered to be the cause of the 
patient's symptoms until abnormal °’7Ga uptake was shown 
in the gallbladder fossa. 


Discussion 


Synthetic graft infection is an uncommon complication of 
peripheral vascular surgery, occurring with a frequency of 1- 
6%. Morbidity and mortality rates of approximately 25-75% 
have been reported [1, 19]. Infection can develop from days 
to years after graft placement. In a review by Goldstone and 
Moore [20], the time between arterial reconstruction and the 
appearance of graft sepsis was found to be 7 days to 87 
months. 

The anatomic extent of graft infections varies and deter- 
mines subsequent treatment and outcome. Purulence involv- 
ing a groin anastomosis is common and occurs in 57-77% of 
graft infections [20, 21]. The diagnosis of groin infection can 
be straightforward, if it presents as a superficial abscess or 
draining sinus. Aggressive local management can result in 
graft preservation or limited graft limb resection [1, 2, 20]. 
Although lower-extremity loss is a frequent complication, 
mortality rates from groin infection are low [1]. 

Retroperitoneal graft sepsis is much less common than 
groin infection [21], but has a 60-85% mortality rate without 
prompt and aggressive surgical intervention [1, 2]. The clinical 
diagnosis of retroperitoneal infection can be quite difficult, 
because signs and symptoms such as fever, leukocytosis, 
and abdominal pain are nonspecific. The surgical manage- 
ment of an infected aortic stump, proximal aortic anastomosis, 
or aortic prosthesis includes total graft excision and extraan- 
atomic bypass to revascularize the legs [1, 2]. 

The major goal of the radiologic workup in suspected graft 
infection is to diagnose retroperitoneal involvement [2, 14]. 
Imaging the groin is also useful before surgical exploration to 
determine if a superficial wound infection extends to the 
ipsilateral graft limb. Sources of infection unrelated to the 
vascular graft can be detected, potentially obviating explora- 
tory laparotomy [7]. 

CT has been shown to be effective in detecting graft 
infections [4-8]. Excellent spatial and contrast resolution has 
permitted the delineation of normal and abnormal graft mor- 
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phology. This has facilitated the diagnosis of infectious com- 
plications, especially in the retroperitoneum [6, 7]. On the 
basis of signs such as perigraft soft tissue, fluid or gas, 
anastomotic pseudoaneurysm, and graft occlusion, CT has 
been reported to be 100% sensitive in demonstrating graft 
infection [3-8]. 

The CT features of graft infection, however, can be non- 
specific [5-7]. Although Mark et al. [4] found CT to be 100% 
specific in three patients without graft sepsis, Vogelzang et 
al. [5] noted perigraft fluid, pseudoaneurysm, and occlusion 
associated with both infected and noninfected grafts. Other 
workers described the difficulty in distinguishing perigraft 
hematoma from abscess [6, 7]. Several authors reported that 
even perigraft gas is not pathognomonic of infection and can 
be present in the sterile postoperative graft bed [5, 6, 8]. 

®’Ga scintigraphy has been used successfully to diagnose 
synthetic graft infections. Its sensitivity has been reported to 
be 100% [3, 9, 10], although at least four cases of false- 
negative Ga scans have been described in the radiologic 
literature [7, 8, 11]. Causey et al. [9] and Thivolle et al. [10] 
noted a specificity of 100% in six cases without graft infec- 
tions. 

Few patients with suspected graft infections have been 
examined with both Ga scintigraphy and CT [2, 7-9, 11], 
and there has been no systematic comparison of these two 
imaging techniques. In our study, the overall specificity of 
®’Ga scintigraphy was shown to be significantly greater than 
that of CT (p < .05). This indicates that °’Ga scintigraphy, by 
minimizing false-positive results, is more effective than CT in 
distinguishing postoperative changes and noninfectious com- 
plications from graft infection. This advantage of °’Ga over 
CT, however, could not be substantiated for individual ana- 
tomic sites, perhaps reflecting the smaller number of cases in 
each subset. 

Although the overall sensitivity of CT was 100% and the 
overall sensitivity of Ga was 78% in our study, no statistically 
significant difference in the sensitivities of Ga and CT for 
either combined or individual sites was shown. This could be 
because of the small number of patients studied. Either test 
may be adequate to detect graft infection; however, the failure 
of Ga scintigraphy to show retroperitoneal involvement in 
both documented cases is worrisome (Fig. 1). A limitation of 
our study is the small number of cases with retroperitoneal 
infection, and further investigation is required to compare the 
two imaging techniques in this location. An analogous obser- 
vation was made by Mark et al. [4] in their analysis of CT and 
11In-WBC scans in eight patients with suspected graft infec- 
tion. 

It should be noted that some authors advocate '''In-WBC 
scintigraphy for detecting graft infections [12-15]. °’Ga was 
used in our study because it is less expensive, does not 
require special preparation, and has been widely used [22]. 
The potential disadvantage of obscuring hepatic, splenic, 
colonic, and incisional Ga activity is usually not problematic 
in graft evaluations because the focus of inflammation seldom 
overlaps the liver or spleen, bowel cleansing is possible, and 
incisional uptake diminishes after the first postoperative week 
[9, 10]. With ''In-WBC scanning, incisional uptake is usually 
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less than with °’Ga, but intense splenic activity is observed. 
Although '''In-WBC scintigraphy is performed 18-24 hr after 
radionuclide injection, which is cited as an advantage over 
°’Ga scanning [12, 13]. “Ga uptake localized, to infected 
grafts can be imaged at 6-24 hr after injection [9, 10]. An 
87-100% sensitivity and an 80-90% specificity for the detec- 
tion of graft infection by '''lIn-WBC [12, 13] are essentially 
equivalent to results for °’Ga scintigraphy [9, 10]. 

In conclusion, the diagnosis of synthetic vascular graft 
infection and its extent is Clinically difficult. Many different 
imaging techniques can be used to document infection. Both 
CT and °’Ga scintigraphy provide useful information when 
graft sepsis is suspected. Our study did not demonstrate a 
Statistically significant difference in the overall sensitivities of 
CT and °’Ga scintigraphy for detecting graft infection, but this 
could be because of the small number of patients with infec- 
tions. Although either test may be adequate to detect graft 
infection, some evidence suggests that CT may be more 
sensitive in the retroperitoneum. It is worrisome that “Ga 
scanning did not show retroperitoneal infection in the two 
cases included in this study. Our data do indicate that the 
overall specificity of Ga scintigraphy is better than that of 
CT and that there is a trend toward better specificity in the 
retroperitoneum. Because of these results, we recommend 
that CT be the first test performed, as it can be done more 
rapidly. If a CT finding is equivocal for infection, then °’Ga 
scintigraphy should be used to improve specificity. It is likely 
that CT and Ga scans are complementary. Further investi- 
gation is necessary to compare these two imaging techniques 
in the evaluation of retroperitoneal graft infections. 
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Invasion of the Carotid Artery and 
Jugular Vein by Lymph Node 
Metastases: Detection with Sonography 





Knowledge of invasion of the walls of the cervical vessels by tumor is of great clinical 
importance before surgery. We performed sonography on 83 patients with palpable 
cervical lymph node metastases in the region of the carotid bifurcation to determine the 
relationship of the metastases to the carotid artery and jugular vein. In all patients, the 
sonographic results were proved by surgery. The wall of the carotid artery was hypo- 
echogenic in 11 of 12 patients with surgically proved tumor invasion of the artery. Four 
results were false-positive. Palpation or swallowing during real-time scanning showed 
mobility of the tumor relative to the wall of the artery in 47 patients (57%). In these 
patients. tumor invasion could be excluded. Bilateral compression or invasion of the 
internal jugular vein was identified correctly with sonography in all five patients in whom 
this was confirmed surgically. 

These results suggest that real-time sonography is a valuable method for determining 
the relationship between cervical lymph node metastases and the carotid artery and 
jugular vein. 
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The preoperative determination of the resectability of lymph node metastases is 
important. When lymph node metastases are adjacent to the carotid artery and 
jugular vein, the relationship between the metastases and the vessels should be 
assessed preoperatively. Sonography has been proved to be sensitive in detection 
of abnormal cervical lymph nodes. Even nonpalpable nodes with a diameter of 
more than 5 mm can be visualized sonographically [1-3]. 

The aim of this study was to determine the value of sonography in detecting 
invasion of the carotid artery and jugular vein by lymph node metastases. 


Subjects and Methods 


During a 3-year period, we examined 83 patients with palpable cervical lymph node 
metastases in the region of the carotid bifurcation. Sixty-three were men, 20 were women: 
the mean age was 63 years. All patients had primary tumors of the ear, nose, or throat. 
Ninety-six percent of the tumors were squamous cell carcinomas; 4% were adenoid cystic 
carcinomas. No patients with malignant lymphomas were included. Sonography was per- 
formed with 5.0-, 7.5-, or 10.0-MHz mechanical sector transducers or a 7.5-MHz linear array 
transducer, depending on location or depth of the tumor infiltration. Our sonographic criteria 
for cervical lymph node metastases were reported earlier [4]. 

When a lesion was adjacent to the carotid artery, we identified the external and internal 
carotid artery by morphology (localization and branching of the external carotid artery) and 
by Doppler frequency shift. 

All lesions were palpated with the nonscanning hand, and an attempt was made to move 
the lesicn toward the wall of the vessel during real-time scanning. This maneuver is called 
sonopalpation. Furthermore, the patient was instructed to swallow, so that we could assess 
possible displacement of the vessel from the tumor. When the tumor was mobile, invasion 
could be excluded. 
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Hypoechogenicity of the wall of the carotid artery was a direct sign 
of deep tumor invasion (invasion at least to the media). Furthermore, 
the length and circumference of the contact of the tumor with the 
artery were assessed sonographically. 

If bilateral lymph node metastases were visualized sonographically, 
the internal jugular vein was examined sonographically during quiet 
breathing and Valsalva maneuver. We did not evaluate sonography 
in cases of unilateral tumor compression or invasion of the internal 
jugular vein, because of the relatively low clinical impact of unilateral 
ligation of the vein. 

Neck dissection was performed in all 83 patients. We performed 
17 unilateral functional neck dissections, 43 unilateral radical neck 
dissections (en bloc resection of lateral cervical soft tissue, including 
sternocleidomastoid muscle, internal jugular vein, and submandibular 
gland), and 23 bilateral neck dissections (in 18 of those, the internal 
jugular vein was preserved at least unilaterally); in five patients 
bilateral radical neck dissection was performed subsequently. 

In 61 patients, the lymph node metastases could be dissected 
radically from the wall of the carotid artery (Fig. 1). In 12 cases, the 
nodes were fixed to the wall of the carotid artery. All these patients 
had squamous cell carcinomas. In five cases, the external carotid 
artery was invaded (Fig. 2); in three cases, the internal carotid artery 
was invaded (Fig. 3). In one patient, the tumor grew around the 
internal and external carotid arteries (Fig. 4). In three patients, the 
common carotid artery was invaded. In patients with infiltration of the 
external carotid artery, the vessel was ligated and tumor and artery 
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were operated on en bloc. In four patients with invasion of the internal 
or common carotid artery, a saphenous vein graft was inserted 
between the common and internal carotid arteries. The nodes and 
the infiltrated artery also were removed en bloc. In two patients, the 
proximal common carotic artery was occluded surgically and the 
fixed metastases in the region of the carotid bifurcation were resected 
in a second operation, without interposition of a graft. Sonographic 
findings were correlated with detailed surgical reports. 


Results 


In 11 of 12 patients with surgically proved invasion or 
fixation of the nodes to the carotid artery, sonography showed 
hypoechogenic transformation of the wall of the vessel. In 
one patient, sonographic results were false-negative; in this 
patient, the tumor was fixed to the internal carotid artery. In 
four patients, sonographic results were false-positive. In all 
cases, artifacts mimicked hypoechogenicity of the wall of the 
artery. By means of dynamic maneuvers, such as sonopal- 
pation or swallowing, tumor invasion of the artery could be 
excluded in 47 patients. In these patients, mobility of the 
metastasis in relation to the vessel could be visualized sono- 
graphically. In 36 patients, tumor and vessel could not be 
moved toward one another during real-time scanning. In all 


Fig. 1.—Longitudinal sonogram of internal ca- 
rotid artery (A). Lymph node metastasis (m) is 
adjacent to artery; echogenic wall of vessel is 
visualized clearly: no sign of tumor infiltration. 


Fig. 2.—Longitudinal sonogram of external 
carotid artery (A). Lymph node metastasis has 
grown around artery. Lesion could not be re- 
sected. 


Fig. 3.—Longitudinal sonogram of internal ca- 
rotid artery (A) shows circumscribed hypoecho- 
genic tumor (arrows) invading echogenic wall. 


Fig. 4. Transverse sonogram of common ca- 
rotid artery. Lymph node metastasis has grown 
around internal (i) and external (e) carotid artery. 
Lesion could not be resected. 
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12 patients with proved tumor invasion of the artery, sonog- 
raphy showed that the tumor was immobile. In 24 patients, 
the immobile lymph nodes could be resected radically. 

The length of the contact between tumor and carotid artery 
is shown in Figure 5. Figure 6 shows the circumference of 
the tumor encasement of the artery in degrees. In 53 patients, 
unilateral compression or invasion of the internal jugular vein 
was found during surgery. Sonographically, we detected all 
five cases of bilateral compression or infiltration of the internal 
jugular vein (Fig. 7). 


Discussion 


Tumor invasion of the wall of the carotid artery is a rare 
complication of cervical lymph node metastases. It is rare 
because extranodal tumor spread must be present, and pul- 
Sations of the arteries delay invasion. 

The wall of the external carotid artery is the one invaded 
most often [5, 6]; tumor invasion of the common or internal 
carotid arteries is less common. When the tumor invades the 
adventitia, a radical resection of the tumor can be performed 
in most cases. In deep tumor invasion (i.e., infiltration into the 
media or intima) the nodes cannot be removed because the 
wall of the carotid artery is likely to rupture. Invasion of the 
external carotid artery has relatively little clinical impact, be- 
cause this vessel can be resected without complications. The 
surgical occlusion of the common and internal carotid artery 
has an extreme clinical significance, because stroke may 
result. 

Sonography proved to be sensitive in the detection of 
abnormal cervical lymph nodes [7]. When extranodal spread 
is present, the lesion tends to be irregularly defined [8]. Almost 
all lymph node metastases are rather hypoechogenic lesions. 
At most times, there is an acoustic impedance between the 
echogenic wall of the artery and the hypoechogenic tumor. 
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Fig. 5.—Length of contact between tumor and carotid artery. Black bars 
= number of patients in whom tumor could be resected. Gray bars = 
number of patients in whom tumor infiltrating wall of carotid artery was 
found during surgery. 


TUMOR INVASION OF CERVICAL VESSELS 





degrees 


Fig. 6.—Circumference in degrees of contact areas between tumor and 
vessel. Black bars = number of patients in whom tumor was resected. 
Gray bars = number of patients with proved tumor invasion of wall of 
carotid artery. 


Gooding et al. [9] used stringent sonographic criteria for 
assessing invasion of the carotid artery. They did not use 
dynamic maneuvers such as sonopalpation or swallowing to 
reduce their rate of false-positive examinations. Rothstein et 
al. [10] used sonography in patients with suspected tumor 
invasion of the artery on CT scans. Several pitfalls have to be 
considered in the sonographic evaluation of tumor invading 
the artery. First, the axial resolution of the transducer is much 
better than the lateral resolution. Therefore, the contact area 
between tumor and vessel should be scanned perpendicularly 
to the ultrasound beam. Tangential shadowing due to the 
edges of the lesion may mimic invasion. Furthermore, calcified 
or dense fibrous structures may cause posterior shadowing 
which can mimic tumor invasion too (Figs. 1 and 8). This can 
be avoided by scanning the lesion from different positions. 

The length and circumference of the contact area of vessel 
and tumor are indirect signs of tumor invasion. In our experi- 
ence, a length of more than 3.5 cm and a circumference of 
more than 180 degrees suggests tumor invasion. As it is 
difficult routinely to differentiate the layers of the arterial wall 
in patients with huge lymph node metastases, a precise 
prediction and differentiation of the depth of invasion of the 
different layers of the arteries was not possible. However, in 
spite of the pitfalls and artifacts, sonography proved to be 
sensitive in predicting deep tumor invasion. 

Dynamic maneuvers such as sonopalpation or swallowing 
were very useful in excluding infiltration. Sonographically im- 
mobile lymph node metastases need not have invaded the 
wall of the artery, because the tumor may invade other 
structures, such as musculature or surrounding fibrous or 
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fatty tissue. In 67% of the immobile lymph nodes, the lesions 
could be resected radically. 

A severe disadvantage of sonography is its inability to show 
the relationship of tumor and vessel below the base of the 
skull. In this region, CT and MR are mandatory. CT is often 
used for cervical lymph node staging [11-15]. The loss of the 
perivascular rim of fat is not pathognomonic for tumor invasion 
[11, 16]. At most times, there is no difference in density of 
the lymph node metastasis and the walls of noncalcified 
arteries; therefore there is no direct sign of tumor invading 
the great cervical vessels on CT. The circumference of the 
contact area of tumor and vessel can be shown sufficiently 
with CT, whereas the length of the contact area of tumor and 
vessel can only be approximated in axial scanning. Dynamic 
maneuvers cannot be used during CT. Furthermore, the local 
resolution of CT and MR is less than that of high-resolution 
sonographic transducers. 

Assessment of invasion of the wall of the jugular vein is 
difficult, because the wall of the vein is much thinner than the 
wall of the artery. However compression, which often neces- 
sitates surgical resection of the vein, can be visualized sono- 
graphically with high accuracy. A Valsalva maneuver is im- 
portant for the diagnosis of venous compression. The clinical 
impact of unilateral fixation or invasion of the internal jugular 
vein is relatively low, because the vein can be ligated unilat- 
erally without severe complications. In bilateral metastases, it 
is important to know on which side the vein can be preserved, 
because in simultaneous bilateral radical neck dissection, 
edema of the head occurs frequently and cerebral complica- 
tions may result. In bilateral metastases, meticulous sono- 
graphic evaluation of both sides is necessary to predict the 
side on which the vein can be preserved. Furthermore, jugular 
vein thrombosis can be shown easily with sonography [1, 3]. 

We conclude that sonography is sensitive in the assess- 
ment of tumor invading the carotid artery. Hypoechogenicity 
of the wall of the artery is a direct sign and is the most 
important sign for tumor invasion. In palpable metastases, 
sonographic demonstration of mobility of the lymph nodes 
can exclude fixation. Encasement of the vessels is an indirect 
sign to predict invasion of the artery. Encasement of more 
than 180 degrees suggests invasion. Compression of the 
internal jugular vein by lymph node metastases can be shown 
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Fig. 7.—Transverse sonogram of internal jug- 
ular vein (V) and carotid artery (A) shows 
compression of vein due to lymph node metas- 
tasis (m). 


Fig. 8.—Longitudinal sonogram of common 
carotid artery (A) shows calcification (arrow) in 
lymph node metastasis with posterior shadowing 
that causes loss of echogenic wall of artery. 


sonographically with high accuracy. Knowledge of the sono- 
graphic pitfalls and limitations is essential in this clinically 
important situation. 
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Commentary 





Picture Archiving and Communication Systems in Japan: 
3 Years Later 


H. K. Huang,’ Paul S. Cho, Ricky Taira, Bruce K. Ho, and K. K. Chan 


Picture archiving and communication systems (PACS) is a 
current research topic in both the United States and Japan. 
During the past 6 years, our department has been working in 
this field very closely with our colleagues in Japan. In July 
1986, we attended the Third International Symposium on 
Picture Archiving and Communication Systems/Personal 
Health Data Recording Systems (JPACS) in conjunction with 
the Fifth Symposium on Medical Imaging and Technology 
(JAMIT) at the National Cancer Center in Tokyo. After the 
meeting, we visited various PACS research and development 
laboratories at major imaging manufacturers and hospitals. 
We summarized our impressions in a commentary: “Picture 
Archiving and Communication Systems in Japan” [1]. Since 
then, we have successfully implemented two PACS modules, 
one in the pediatric radiology section and one in the coronary 
care unit [2, 3]. More than 200 visitors from Japan have come 
to see our facilities. Among these visitors was Professor T. 
Takahasi from Kyoto University Hospital, who was the pro- 
gram chairman of the Eighth Symposium of JAMIT/Sixth 
International Symposium on PACS in July 1989. After his visit, 
he extended an invitation to us to give the keynote speech, 
“Recent Progress in PACS” for the meeting. We took this 
opportunity to ge back to Japan and repeat the hospital and 
laboratory tour in order to observe their research and devel- 
opment progress in PACS during the past 3 years. This paper 
is a Summary of Gur opinion of the changes that have occurred 
in Japan since our last visit of the status of PACS in that 
country compared with that in ours. 


The JAMIT Meeting and the JPACS Meeting 


The JAMIT meeting was held at the Osaka Science Tech- 
nology Center in Osaka. It ran for 3 days, with Japanese used 
as the official language for 2 days and English for 1 day. The 
conference proceedings were compiled as a special July issue 
in the Journal of Medical Imaging Technology [4]. During the 
JAMIT meeting, researchers from seven hospitals and their 
collaborative manufacturers presented their PACS activities, 
which are summarized in Table 1. A tutorial lecture on “Stan- 
dardization in PACS” was given by Dr. Kiyonari Inamura of 
Osaka University. In this lecture, Dr. Imamura reviewed the 
Open Systems Interconnection standard, the American Col- 
lege of Radiology—National Electrical Manufacturers Associ- 
ation standards, and the Medical Image Processing System 
Standard. The last was established in 1985 in Japan to 
standardize data and their communication for medical images 
and was adopted by the Japanese industry. The core of this 
standard exists inside the Japan Industries Association of 
Radiation Apparatus under the sponsorship of the Ministry of 
International Trade and Industry. There are some Slight differ- 
ences between the American College of Radiology standards 
and the Japanese standards. 

The JAMIT meeting was followed by a 14-day special PACS 
meeting at the University of Kyoto, organized by Dr. G. Iric of 
Hokkaido University. All university hospitals sponsored by the 
Japanese government in PACS research and development 
were invited to participate. Approximately 200 people at- 
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TABLE 1: Picture Archiving and Communication Systems in Some Major Japanese Hospitals 


University Network 


Standard 


Acquisition Storage Display 











Kitasato U Hospital 

tems, Ltd., Tokyo 

U of Tokyo Hospital 
image station 

Data rate: 100 kBytes/sec 


standards) 

Toshiba Central Hospital Modem 
Kyoto U Hospital Hitachi LAN Hitachi 

Data rate: 100 Mbits/sec 
Hokkaido U Hospital LAN NEC 

Data rate:100 Mbit/sec 
Nagoya U Hospital Toshiba 
National Defense Toshiba 


Medical College 


Yokogawa Medical Sys- — 


Yokogawa DATAVIEW local MIPS-87 (A mini- 
mum subset of 
the ACR/NEMA 


CT:GE 9800 through ODL 
GE's Image Net 


Single monitor 


CT:GE 9800 TDIS-FILE | TDIS-FILE; Two 1K 
GE 9000 (Toshiba) monitors 
GE 8800 (tape) 
Film digitizer ODL-25 TDIS-FILE; Two 1K 
ODs, 3.6 monitors 
GByte/OD 
CT:2° ODL, Hitachi One station with six 
MR:1 1K monitors; two 
DSA:1 stations with 
CR:1 three 1K moni- 
tors 
CT ODL-48 Four Image Work- 
MR ODs, 2.6 stations with two 
CR:5 Gbyte/OD 1K monitors; 16 
image display 
stations with one 
1K monitor 
CT:TCT-20A, TCT- ODL, (3.2 Seven stations with 
80A, TCT-9005 GByte/ two 1K monitors; 
CR:FCR 101, TCR OD) TDIS- One station with 
3030A FILE one 1K monitor 
SPECT 
Film digitizer 
CR: TCR 3030A TDIS-FILE TDIS-FILE 
Film digitizer 


Note.—U = University; GE = General Electric; ODL = optical disk library; MIPS: Medical Image Processing system, ACR/NEMA: American College of Radiology/ 
National Electrical Manufacturers Association; TDIS-FILE is a trade name for the image filing system manufactured by Toshiba; LAN: local area network; DSA = 
digital subtraction angiography; CR = computed radiography; SPECT = single-photon emission CT. 


a Manufacturer's name was not given. 


tended. This meeting emphasized clinical experience with 
PACS and included demonstrations from Toshiba and Hitachi. 
Experience with clinical PACS systems from Toshiba, Hitachi, 
NEC, and Siemens, as well as experience with interfaces 
between PACS, radiology information systems, and reporting 
systems were given. The application of PACS for education, 
research, and for assisting in radiologic diagnosis were dis- 
cussed. Both meetings were very informative and we were 
impressed with the large scale of PACS implementation in 
Japan. 


Visits to Manufacturers 


After the meetings, we spent 6 days visiting six PACS 
research and development laboratories, including Abe Sekkei, 
Inc.: Hitachi Medical Corporation; Fuji Photo Film Company, 
Ltd.: Konica Corporation (formerly Konishiroku Photo Inc. Co., 
Ltd.); Hitachi Maxell, Ltd.; and Toshiba Medical Systems, Co., 
Ltd. All of these laboratories are located within a 200-km 
radius of Tokyo. Of these six, the first four were included in 
our last visit. The only laboratory that we visited last time but 
did not visit on this trip was Mitsubishi Electric Corporation. 
The reason for this was that Mitsubishi has decided to pro- 
duce display monitors for other manufacturers instead of 
participating in active PACS research. During the visit, we 
paid particular attention to the manufacturers’ research and 
development efforts in the past 3 years, as well as their 
experience with clinical implementation in the following four 
major PACS components: image acquisition, storage, com- 
munication, and display. 


In image acquisition, there were about 45 scanning-laser- 
stimulated luminescence imaging plate systems (computed 
radiography, or CR, system) in operation 3 years ago. There 
are now 250 in Japan, 35 in Europe, 30 in the United States, 
and three in Asia (India, Taiwan, Korea). According to Fuji's 
projection, there will be 100 additional units in operation in 
Japan in 1990. One major reason the CR system is SO 
successful in Japan is because the Japanese government 
actually subsidizes CR use. For each radiographic examina- 
tion done with the CR system, the hospital receives a subsidy 
from the government in addition to the standard fee. Almost 
all CR systems were manufactured by Fuji and were distrib- 
uted by Fuji Medical Systems, Philips Medical Systems. Sie- 
mens, and Toshiba. Currently there are four systems made 
by Konica, which are all installed outside of Japan. There is 
also one Kodak CR system in Osaka University hospital. 
Among all hospitals, Osaka Prefectural Municipal Hospital is 
the one with the most CR systems in operation, with two 
FCR-901 (general purpose), one FCR-501 (upright chest), one 
FCR-502 (tabletop chest), and two FCR-7000 (general pur- 
pose). The newer model (FCR-7000) allows the printing of a 
larger image, 8 x 10 in. (20.5 x 25.5 cm) instead of the 
conventional smaller image 7 x 8.5 in. (17.5 x 21.5 cm). The 
small image size has been a point of major criticism in the 
United States. It appears that the radiology community in 
Japan is satisfied with the image quality of CR. 

High-resolution (2K x 2.5K x 10-12 bits) laser scanners 
are currently the best means for film digitization. Most of 
these scanners were produced by Konica and by Abe Sekkei. 
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It is acknowledged by the Japanese PACS community that 
the most difficult image acquisition task is to collect CT and 
MR images from scanners made by various manufacturers 
because of the lack of a common data format. It is interesting 
to note that General Electric offers an Image Net for sending 
CT images from its scanner to a PACS station. However, 
Image Net is not available in the United States. 

In image storage, on our last visit we found 12-in. (30 cm) 
optical disks with 2.6-3.6 gigabytes image storage being 
used by manufacturers and research laboratories. Today 
optical disk drives and optical disk libraries are as common 
as magnetic tape drives in many hospitals. A mistake was 
made when the optical disk technology was introduced 4 
years ago. No common data format was established for 12- 
in. optical disks. As a result, one manufacturer’s drive cannot 
read another's disk and vice versa. The Japanese government 
is trying to avoid a similar mistake in the recently introduced 
52-in. erasable optical disk by sponsoring a national project 
involving universities and manufacturers to produce a com- 
mon disk format. 

In communications, we reviewed two different 100 megabit/ 
sec local area networks: one was in a Toshiba PACS module 
and the other was in a Hitachi PACS module. Both networks 
are one order of magnitude faster than Ethernet (10 megabit/ 
sec). However, both are closed networks in the sense that 
only components from the same manufacturer can be con- 
nected to the network. 

In display stations, all PACS workstations use multiple 1K 
noninterlaced video monitors with antiglare screens. The num- 
ber of monitors range from one to six; two-monitor systems 
are the most popular. All workstations can display true 2K 
images by using a zoom and scroll feature. It appears that 
the Japanese PACS community is content with the 1K display 
monitor and is not in a hurry to develop the 2K system, which 
is quite a contrast to the demand for 2K stations in the United 
States. About 50 PACS display stations have been installed, 
of which 70% are by Toshiba (TDIS-FILE system), and 20% 
are by Hitachi (the HIPACS system). Our impression of these 
Stations is that the human-machine interface software needs 
further refinement before any clinician without a computer 
background can use them. 

To our surprise, every manufacturer we visited has an in- 
depth research and development program in image compres- 
sion. The two PACS stations by Toshiba and by Hitachi 
actually have built-in hardware compression modules that use 
irreversible methods. Images of 2K resolution can be com- 
pressed within seconds with compression ratios of greater 
than 10:1, and the reconstructed images show acceptable 
diagnostic quality. This shows that image compression is 
recognized as an essential component of PACS by all manu- 
facturers. There is a movement by manufacturers to form a 
consortium to study the quality of images after compression. 


Collaboration Between University Hospitals and 
Manufacturers 


There are at least 50 separate collaborations between 
university hospitals and manufacturers, compared with 10, 3 
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years ago (see Table 1 in [1}). Among the manufacturers, 
Fuji, Toshiba, Hitachi, NEC, and Konica are the key players. 
The mode of collaboration has not changed since we visited 
3 years ago. In general, the manufacturer delivers a turnkey 
system to the hospital with technical support, and the physi- 
cians in the hospital provide the clinical evaluation. We re- 
ported last time that it is rare for a basic science staff in a 
Japanese hospital to be involved in the implementation and 
development of the PACS system. We see a Slight change of 
attitude in a few national university hospitals. However, the 
driving force of PACS still remains in the manufacturer re- 
search and development centers. 


Discussion 


Implementation of PACS requires two components: ac- 
ceptance by the radiology community and commitment from 
the manufacturers. We believe Japan possesses both. On the 
one hand, it is gratifying for us who are working in this field 
to see that the Japanese radiology community has overcome 
some of the barriers hindering the development of PACS, 
such as economics, image quality, and community accept- 
ance. On the other hand, it is frightening that in the United 
States we are still debating some of these issues. The PACS 
concept, although generally regarded as important, hes not 
been well accepted in the radiology community in the United 
States. Recently, the National Institutes of Health has spon- 
sored a few substantial PACS-related research projects (Uni- 
versity of North Carolina, University of Arizona, University of 
Pennsylvania, University of Pittsburgh, University of California, 
Los Angeles) and the Army has sponsored a major project 
(Georgetown University and George Washington University, 
and University of Washington). Both Philips Medical Systems/ 
AT & T and Siemens have installed PACS systems in various 
U.S. hospitals. But comparing this effort with the momentum 
and commitment in Japan, we are still very far off. We see 
that the Japanese PACS industry has overtaken the United 
States in PACS development, although in some specific re- 
search areas we are still ahead. 
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CT Demonstration of Calcification in an Adenoid 
Cystic Carcinoma of the Lung 


Calcification within the mass is an important factor in the evaluation 
of pulmonary nodules. Although its presence does not guarantee that 
the mass is benign, it often is an indication that this is so. We report 
a case in which CT showed calcification in an adenoid cystic carci- 
noma of the lung 3 months after the carcinoma first was observed. 

An asymptomatic 32-year-old woman was admitted for evaluation 
of a pulmonary nedule. CT showed a 3-cm noncalcified mass in the 
right lower lobe of the lung. Pulmonary tuberculosis was suspected, 
and the patient started antituberculosis therapy. Three months later, 
a CT scan showed an increase in the size of the mass and a 
Calcification in it (Fig. 1). Despite the presence of calcification, malig- 
nancy was suspected, and the patient had surgery. Pathologic ex- 


Fig. 1.—A, CT scan made 3 
months after discovery of ade- 
noid cystic pulmonary carcinoma 
shows calcification (arrow) at 
edge of a mass. 

B and C, Photomicrographs of 
resected specimen show adenoid 
cystic carcinoma (B, H and E x25) 
and calcified psammoma bodies 
(C, H and E x50). 
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amination of the mass showed an adenoid cystic carcinoma with 
extensive production of mucin and numerous calcified psammoma 
bodies. 

Few reports have described calcification in adenoid cystic carci- 
nomas, and none has described the rapid development of calcification 
as shown by CT. In our case, the calcification was in psammoma 
bodies; most calcifications in malignant pulmonary nodules are 
dystrophic. 

Jun Yoshikawa 

Tsutomu Takashima 

School of Medicine, Kanazawa University 
Kanazawa 920, Japan 

Samon Miyata 

Toyama Prefectural Central Hospital 

Toyama 930, Japan 

Masanobu Kitagawa 

Toyama Medical and Pharmaceutical University 
Toyama 930, Japan 


Sensitivity of Mammography 


In citing the Breast Cancer Detection Demonstration Project 
(BCDDP) as showing that “nearly 10% of breast cancers are not 
recognized mammographically,” Dr. Brenner’s recent article [1] over- 
looks a Statistical pitfall that has become commonplace in analyses 
of the performance of mammography. The sensitivity of mammogra- 
phy is widely quoted to be more than 90%, and, indeed, the sensitivity 
of screening mammography can be calculated as 92.5% from the 
final BCDDP data [2]. (Of 3437 breast cancers detected by screening, 
1375 were detected by mammography alone, and 1805 were de- 
tected by mammography and physical examination.) However, this 
calculation ignores the possible presence at screening of cancers 
that were detected during the 1 year between regular screenings, 
which account for approximately 13% of the cancers detected by 
any means during the course of the BCDDP. (Of 692 breast cancers 
not detected by screening, 540 were classified as “interval” cancers: 
“those diagnosed outside the BCDDP that were detected within one 
year after an annual BCDDP screening at which no surgical recom- 
mendation was made.” The 152 breast cancers detected more than 
a year after a woman's BCDDP screening were classified as “post- 
screening” cancers [2].) Although some of these interval cancers may 
have arisen de novo between screenings, it seems unrealistic to 
assume that none was potentially detectable at screening. The other 
extreme is to assume that all of the cancers detected between 
screenings were false-negative cases, that is, cases in which mam- 


420 LETTERS 


mography failed to detect a proved cancer during the time of trial; 
then the sensitivity of mammography becomes 80% rather than 
92.5%. A better estimate of the sensitivity of screening mammogra- 
phy in the BCDDP probably lies somewhere between these two 
values. 

Every mammographer knows of false-negative cases that were 
visible on a given study but went undetected, perhaps for several 
years. Unfortunately, no gold standard is available with which the 
presence or absence of cancer can be determined unambiguously 
and thereby be used to measure the sensitivity of screening mam- 
mography. The standard used can markedly affect the sensitivity 
value obtained [3, 4]. 

In the audit of a mammographic practice, it is important to recog- 
nize that any obtained estimate of sensitivity must be considered an 
upper bound on the actual sensitivity during the period for which 
calculation is made, because any cases of cancer that come to light 
in the future but originally went undetected inevitably lower the 
estimate, as others have pointed out [5]. Epidemiologically, the 
important aspect of annual screening mammography is its sensitivity 
in detecting breast cancer in the screened population, not its perform- 
ance relative to the other major available test, physical examination. 
The most important clinical measure of the results of mammographic 
screening, on the other hand, is the improvement in mortality, which 
previous studies have shown approaches 50% [6]. Notably, reports 
of large-scale screening studies do not state the sensitivity of mam- 
mography [2, 7, 8]. 

Although both mammographic technique and some radiologists’ 
interpretive skills have improved since the BCDDP was conducted, 
the sensitivity of experienced mammographers may, in fact, be as 
low as 84% for malignancies that are documented by biopsy [9]; the 
sensitivity of general radiologists is probably quite a bit lower [10]. It 
would be unfortunate if the inability of a mammographic practice to 
achieve an unrealistically touted sensitivity [4] were to discourage 
continued use and improvement of one of the best available tests for 
saving lives, or invite the legal reprisals that Dr. Brenner cautions we 
must guard against. 

Robert A. Schmidt 
Charles E. Metz 

The University of Chicago 
Chicago, IL 60637 
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Reply 


The concerns expressed by Drs. Schmidt and Metz emphasize the 
need for careful scrutiny of the use and misuse of statistical data. 
Their comments appear to distinguish, without so specifying, preva- 
lent screening vs interval screening. 

Rhetorically, they have answered their own concerns about the 
sensitivity of mammography during the Breast Cancer Detection 
Demonstration Project. The project's overall sensitivity is approxi- 
mated at 90% as an indicator of a goal in mammographic practice. 
Investigators in the project did not have available current film-screen 
techniques, including high-resolution magnification mammography. 
Thus, assuming a worst-case analysis presented by Schmidt and 
Metz, the sensitivity to mammography with improved techniques and 
experience likely would elevate this sensitivity to approximately 90%, 
as they themselves have inferred. | quite agree that this standard 
applies to mammographers with considerable expertise and experi- 
ence, but a sensitivity falling below 75%, for example, should give a 
radiologic practice cause for concern. 

Community standards of care will be established somewhere within 
this range. It should be emphasized that the sensitivity of an individual 
mammographic practice is only evidence of a reasonable approach 
for any given case. 

The scope of my article [1] did not permit a detailed analysis of 
statistical data. More often problems arise from inappropriate calcu- 
lation of specificity, especially when data that are not based on the 
results of biopsy are used to establish the denominator of true 
negatives in the population (e.g., data based on normal mammo- 
grams). It is this misuse of statistics that especially invites the critical 
analysis favored by Schmidt and Metz. 

Permit me to reemphasize the need for establishing one’s own 
sensitivity and specificity and not relying on data in the literature to 
indicate the accuracy of one’s individual practice. The kind of discus- 
sion forwarded by Schmidt and Metz is most important in putting into 
context reasonable achievable goals in any given community. 

R. James Brenner 
Cedars-Sinai Medical Center 
Los Angeles, CA 90048-0750 


REFERENCE 


1. Brenner RJ. Medicolegal aspects of screening mammography. AJR 
1989; 153:53-56 


Lingual Cortical Defect of Unknown Cause 


A lingual cortical defect was found in the right mandibular sulcus 
of a 30- to 40-year-old American Indian woman from Illinois (A.D. 750- 
850). The ramus has an elongated cystlike defect in the the mandib- 
ular sulcus, just superior to the mandibular foramen (Fig. 1A). The 
defect is ovoid and 1.7 x 1.0 cm with a depth of 0.4 cm. The margins 
and walls of the lesion are gently sloping and show no sclerosis. No 
osseous evidence suggesting infection or active inflammation in or 
around the defect at the time of death is present. The left ascending 
ramus is unremarkable. 

Anterior and posterior lingual cortical mandibular defects resulting 
from erosion by enlarged blood vessels and from pressure erosion 
by the submandibular and sublingual salivary glands have been 
documented widely [1, 2]. This case is the only example of a lingual 
defect in the mandibular sulcus that | have seen in my work as a 
forensic specialist in distinguishing premortem from postmortem con- 
ditions. Possible causes are aneurysmal erosion by the inferior alveo- 
lar artery; bone cysts of traumatic, hemorrhagic, or idiopathic origin; 
and soft-tissue tumors [3]. A remote possibility is erosion of the 
lingual cortex by a part of the parotid gland as it wraps around the 
posterior border of the ramus. Other than its location high on the 
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Fig. 1.—Lingual cortical defect of unknown cause. i 

A, Photograph shows large defect in right mandibular sulcus. 

B, Radiograph shows well-defined defect (white arrowhead) on right 
ramus. Small line of sclerosis (black arrowhead) is not part of margin of 
defect but serves for attachment of sphenomandibular ligament. 


mandibular ramus, the lesion is radiologically and grossly similar to 
many variants of Stafne idiopathic bone defect. 


Robert W. Mann 
Smithsoniar Institution 
Washington, DC 20560 
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Double-J Catheter for Transgastric 
Cystogastrostomy 


We read with interest the article by Sacks et al. [1] on the use of 
a cystogastric stent for a pancreatic pseudocyst. Our observations 
on the use of a double-pigtail stent in five patients are somewhat 
different. We inserted the stent only when the amount of material 
drained continued to be high 6 days after placement of a transgastric 
drainage catheter, suggesting a possible communicating pseudocyst. 
The first stage of the procedure, placement of the catheter, was 
carried out under sonographic guidance by using a water-filled stom- 
ach to visualize the pseudocyst. The stent was placed a week later 
under fluoroscopic guidance. Three of the patients in the report by 
Sacks et al. extruded the stent spontaneously. We anticipated this 
problem and designed our stent to have a double pigtail with the two 
loops at a right angle to each other (Fig. 1). The idea was that the 
gastric end of the pigtail would lie parallel to the stomach wall. Others 
[2, 3] also have preferred a double-pigtail stent. The length of the 
stent used was determined by measurements made during contrast 
Studies on the sixth day of transgastric drainage. In some of our 
patients, transgastric introduction of the catheter and the stent was 
difficult, and we used a stiffening cannula (Medi-tech, Watertown, 
MA). 


K. M. Das 

R. Kochhar 

S. Suri 

Postgraduate Institute of Medical Education & Research 
Chandigarh, India 
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Fig. 1.—Photograph of 
double-pigtail stent with two 
ends at right angles to each 
other. 
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Reply 


We appreciate the comments from Drs. Das, Kochhar, and Suri. 
The more important difference between the approach they suggest 
and our initial report [1] is their use of a two-stage procedure instead 
of one. We have debated the merits of doing that, but the results 
from primary placement of the stent in our patients have been so 
favorable that we have had no reason to abandon this approach. 
However, if viscous fluid is aspirated at first, we would opt to drain 
the pseudocyst externally until the drainage becomes clearer and 
more watery. If the aspirated material is nonviscous, a single-stage 
procedure makes sense. Such a procedure has been effective in nine 
of 11 patients we have treated this way, and the patients were 
discharged 1-2 days after placement of the stent. 

The stent design suggested by Das et al. appears reasonable. 
Hancke and Henriksen [2] also formed both ends of the dcuble-J 
stent at 90° to the shaft. We see no particular advantage to this. As 
long as the pigtail portion within the pseudocyst is reformed com- 
pletely and retains its shape, the stent is stable. Other catheter 
configurations (double Malecot) also have been successful [3]. The 
catheters used in our first three patients were made by us out of 
standard 8-French polyethylene. This probably accounted for their 
spontaneous, but not premature, extrusion. Since the double-J cath- 
eters have been manufactured for us out of Percuflex (Medi-tech, 
Watertown, MA), no further extrusions have been observed. The 
softer material also allows bigger drainage holes. Interestingly 
enough, the initial extrusions occurred only when the pseudocysts 
had resolved almost completely. In many ways we considered this 
an advantage rather than a problem, as another procedure for re- 
moval of the stent was not necessary. 

Despite the satisfactory clinical results reported by us and by 
Hancke and Henriksen, we have detected a reluctance by others to 
readily adopt primary placement of an internalized stent in the type 
of patients we described [1]. We are about to use a modification of 
the initial technique (Fig. 1) in patients who have complicating fea- 
tures, such as viscous fluid or sepsis. The procedure will be per- 
formed in a fashion similar to the one we described before. However, 
initially an internal/external double-pigtail stent will be placed (Figs. 
1A-1C). This has several advantages: (1) The drainage still will be 
internal, but the external catheter will allow access for repositioning, 
injection of contrast material, or irrigation, if necessary. (2) Whan the 
pseudocyst has resolved, the stent can be removed easily without 
endoscopy. (3) If desired, the catheter can be internalized completely 
at any stage by straightening the gastric loop over a guidewire, 
Partially withdrawing the catheter and Cutting the shaft above the 
gastric pigtail (Fig. 1D), pushing the catheter back to lie in the initial 
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Fig. 1.—A-F, Diagram shows placement (A-C) and complete internali- 
zation (D-F) of a double-pigtail stent. 


cystogastrostomy position (Fig. 1E), and finally withdrawing the 
guidewire and excised external limb (Fig. 1F). 

We are encouraged that Das et al. are using a percutaneous 
approach to create a cystogastrostomy. We do not think that the 
exact configuration of the catheter is as important as the basic 
therapeutic concept. We would be interested in knowing the clinical 
results of their patients. 

Barry A. Sacks 
Leonard Morse Hospital 
Natick, MA 01760 

Beth Israel Hospital 
Boston, MA 02215 
David H. Porter 
Ducksoo Kim 

Beth Israel Hospital 
Boston, MA 02215 
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Retention of Contrast Material in Focal Nodular 
Hyperplasia of the Liver on Delayed CT: Another 
Case 


In a recent communication [1], Kier and Rosenfield described a 
case of focal nodular hyperplasia of the liver in which delayed con- 
trast-enhanced CT revealed concentration of contrast material within 
the lesion, causing portions to appear hyperdense relative to normal 
hepatic parenchyma. We describe another case. 

A 41-year-old woman had abdominal CT as part of an evaluation 
for multiple endocrine neoplasia type I! (a medullary thyroid carcinoma 
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and an adrenal pheochromocytoma had been resected previously). 
Earlier CT, performed elsewhere, reportedly had shown a mass in 
the liver, and examination of a specimen obtained via percutaneous 
biopsy had shown that the mass was benign. 

Unenhanced CT (Fig. 1A) showed a rounded focal intrahepatic 
lesion, slightly hypodense relative to normal parenchyma, near the 
dome of the liver. A series of contrast-enhanced scans (150 ml 
methylglucamine diatrizoate), programmed to display the abdomen 
at 1-cm increments in rapid succession, unintentionally was begun 
just inferior to the level of the lesion in question. When the lesion 
eventually was scanned, 5 min after infusion of contrast medium, it 
had become isodense with normal parenchyma. This examination 
was considered technically unsatisfactory for proper evaluation of the 
hepatic mass, and the patient was returned for a second examination 
approximately 2.5 hr after the first one. At that time, a preliminary 
scan of the liver showed a lobular pattern of peripheral hyperdensity 
within the lesion (Fig. 1B). A series of scans at the level of the lesion 
made during and after infusion of a bolus (80 ml) of contrast material 
showed pronounced enhancement of the mass during the arterial 
phase (Fig. 1C), followed by rapid decline in density of the lesion. 
Two minutes after infusion, the mass was isodense with the enhanced 
normal parenchyma. The CT features were those of a solid hyper- 
vascular lesion capable of prolonged concentration of contrast ma- 
terial. A presumptive diagnosis of focal nodular hyperplasia was 
substantiated by a subsequent °"Tc-sulfur colloid scintigram that 
showed uptake of radionuclide within the lesion and by subsequent 
CT-guided needle biopsy that showed the lesion was composed of 
normal cellular constituents of the liver. 

As Kier and Rosenfield pointed out, delayed concentration of 
contrast material within a focal hepatic mass, as shown by hyper- 
density of the lesion on delayed CT scans, indicates hepatocytic 
activity within the lesion. Experience with delayed contrast-enhanced 
CT in a large number of cases of focal nodular hyperplasia will be 
necessary to determine how frequently this effect can be observed. 
It is also important to determine whether other hepatocyte-containing 





Fig. 1.—Retention of contrast 
material in focal nodular hyper- 
plasia on delayed CT. 

A, Unenhanced scan shows a 
focal mass (arrow) of lower den- 
sity in superior aspect of liver. 

B, Scan 2.5 hr after administra- 
tion of contrast material shows 
lobular lesion with ringlike zones 
of hyperdensity (arrows). 

C, Scan made during early vas- 
cular phase of contrast enhance- 
ment (repeat infusion) shows in- 
tense enhancement and lobular 
architecture of mass. 
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tumors behave similarly. We have performed delayed scans on two 

hepatic cell adenomas, both illustrated in a recently published text- 

book [2], and neither showed evidence of prolonged retention of 

contrast material. We think that the observation described by Kier 

and Rosenfield may have considerable potential for distinguishing 
focal nodular hyperplasia from more Significant hepatic masses. 

David H. Stephens 

Michael A. McKusick 

Mayo Clinic 

Rochester, MN 55905 
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An Unusual Case of Hepatic Hemangiomatosis: 
Sonographic, CT, and *°"Tc-RBC Findings 


Hepatic hemangiomas, the most frequent benign hepatic tumors 
[1], most often are discovered during sonographic screening. Heman- 
giomatosis usually is discovered incidentally at autopsy or surgery 
and is associated with a high mortality, especially in children, in whom 
it Occurs in asseciation with generalized malformations [2]. The 
disease is unusual in adults. 

We performed sonography on an asymptomatic 56-year-old man 
who had elevated levels of liver transaminase. The scan showed 
multiple, clearly defined, oval, partly confluent, hyperechogenic le- 
sions as large as 25 mm (Fig. 1). On noncontrast CT scans, the 
lesions were minute, confluent, clearly defined, and hypodense. (Con- 
trast material was not used because of unrelated contraindications.) 
Single-photon emission CT (SPECT) with °°"Tc-RBCs showed en- 
hanced uptake of labeled RBCs in multiple areas in both lobes of the 
liver, Corresponding to the numerous hemangiomatous lesions. The 
abnormalities remained unchanged on follow-up with sonography, 
CT, and RBC-SPECT performed 3, 6, and 12 months later. 

Hemangiomatosis causes a characteristic perfusion pattern on 
*°™Tc-RBC scintigraphy. This includes reduced or normal perfusion 
at first and typical accumulation of radionuclide after 20-30 min and 
1-2 hr [3]. 

Werner Langsteger 

Peter Lind 

Peter Koltringer 

Otto Eber 

Heribert Thaler 

Barmherzige Bruder Eggenberg Hospital 
8020 Graz, Austria 





Fig. 1.—A, Sonograms of liver show numerous hyperechogenic lesions. 
B, Single-photon emission CT scan (coronal projection) with *°"Tc-RBCs 
shows areas of interse uptake in liver (arrows) caused by hemangiomas. 
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Trichilemmal Cyst of the Scalp: MR Imaging 


We report a case of trichilemmal cyst, a rare benign tumor of the 
scalp. A 29-year-old woman was admitted because of a tumor of the 
occipital scalp. The lesion was palpable to the left of the inion. t was 
30 x 40 x 50 mm, firm, and smooth. No tenderness or heat was 
present, and the overlying skin was normal. Plain radiographs of the 
skull were normal. CT showed a low-density lesion in the subcuta- 
neous tissues that did not enhance after the injection of IV contrast 
material. On MR, the lesion was isointense on T1-weighted images 
and had high signal intensity on T2-weighted images (Fig. 1). The 
lesion was removed surgically, and pathologic examination showed 
a trichilemmal cyst. The wall of the cyst consisted of a memorane 
composed of several layers of epithelial cells. The outer layer nad a 
palisade of basal cells, and the inner layer had large, clear cells, 
typical features of trichilemmal keratinization [1-4]. 

Pinkus [1] established that trichilemmal cyst was derived from the 
outer hair root sheath of the hair follicular isthmus. To our knowledge, 
our case is the first reported that was studied by CT and MR. The 
MR finding of an isointense lesion on T1-weighted images is difterent 
from the area of low intensity seen on T1-weighted images in cases 
of epidermoid cyst. MR may be useful in distinguishing between -hese 
two lesions. 

Naoto Adachi 

Tetsuo Yameshita 
Yamaguchi University 

Ube, Yamaguchi 755, Japan 
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Fig. 1.—Trichilemmal cyst of scalp. 
A, MR image, SE 500/30, shows an isointense mass in scalp. 
B, MR image, SE 2000/80, shows high signal intensity in mass. 
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Duplex Doppler Detection of Intrarenal 
Arteriovenous Fistula and Pseudoaneurysm 


Arteriovenous fistulas and intrarenal pseudoaneurysms have been 
described as complications of renal biopsy in both native and trans- 
planted kidneys [1, 2]. We recently saw a 36-year-old man with a 
cadaveric renal transplant who had percutaneous biopsy to rule out 
rejection. Sonographic examination 9 days after the biopsy showed 
a 1.2-cm anechoic mass within the renal cortex that was visibly 
pulsatile. Careful Doppler examination adjacent to the mass revealed 
the to-and-fro waveform we described previously in association with 
groin pseudoaneurysms (Fig. 1) [3]. Moving the sampling gate in a 
slightly hilar direction allowed detection of an area of pulsatile high- 
velocity venous flow consistent with an arteriovenous fistula. 

More recently, Middleton et al. [4] reported two postbiopsy arterio- 
venous fistulas accompanied by small pseudoaneurysms that were 
diagnosed by using color flow imaging. Although initial detection of 
pseudoaneurysms should be made vastly easier with color flow 
imaging, the to-and-fro waveform of systolic ingress and diastolic 
egress through the neck of the pseudoaneurysm may be a useful 
and specific confirmatory sign. 

Kurt Harris 

Monzer M. Abu-Yousef 

The University of lowa, College of Medicine 
lowa City, IA 52242 
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Fig. 1.—Duplex Doppler detection of intrarenal arteriovenous fistula and 
pseudoaneurysm. 

A, Scan close to neck of pseudoaneurysm shows typical to-and-fro flow 
pattern. 

B, Scan of a segmental vein just proximal to pseudoaneurysm (arrow) 
shows pulsatile flow with high velocities and spectral broadening consis- 
tent with arteriovenous fistula. 
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Adrenocorticotropic Hormone-Induced Bilateral 
Adrenal Hemorrhage 


A 26-year-old woman was admitted with epigastric pain, diarrhea, 
and guaiac-positive stools. A small-bowel series showed classical 
findings of Crohn disease. Total parenteral nutrition and adrenocor- 
ticotropic hormone (ACTH, 120 U/day) were started. After 12 days, 
severe epigastric and bilateral flank pain developed suddenly, and 
the patient was lethargic, confused, tachycardic, and febrile. Abdom- 
inal examination showed epigastric and bilateral costovertebral angle 
tenderness. The leukocyte count increased over the next few days, 
and the hemoglobin level and hematocrit decreased. Mild hyponatre- 
mia and hyperkalemia were present. Evaluation for sepsis included 
normal chest radiograph, gallbladder sonogram, and HIDA scintigram 
and negative cultures of body fluids. Unenhanced abdominal CT 
showed enlargement of both adrenal glands with patchy areas of 
increased attenuation (47-55 H) suggestive of bilateral adrenal hem- 
orrhage (Fig. 1). Because of the persistent toxic effects, CT-guided 
needle aspiration of the right adrenal gland was performed 6 days 
after the first CT scan, to exclude concomitant formation of an 
abscess. On localization sections, the right adrenal gland appeared 
cystic, and attenuation values (18-25 H) were lower than on the 
previous examination. Thirty milliliters of dark bloody fluid were 
aspirated; the fluid was sterile on culture, and the cytologic findings 
were consistent with hemorrhage. An absent incremental response 
to an ACTH stimulation test confirmed primary adrenal insufficiency, 
and corticosteriod replacement therapy was started. The patient 
showed dramatic clinical improvement and was discharged in satis- 
factory health. 

Acute adrenal insufficiency associated with bilateral adrenal hem- 
orrhage may cause a nonspecific clinical picture that can mimic sepsis 
[1], as seen in our case. The treatment of these two diverse compli- 
cations is quite different (corticosteriod replacement for insufficiency 
and antibiotics for sepsis); hence early diagnosis is imperative. CT 
can play an important role because of its ability to show different 
stages of hemorrhage. Early in its course, bilateral adrenal hemor- 
rhage causes enlarged adrenal glands with blood showing high 
attenuation of the protein part of hemoglobin. Subsequently, cystic 
resorption of the hemorrhage occurs. 





Fig. 1.—A, CT scan of abdomen shows enlarged adrenal glands with 
patchy areas of increased attenuation suggestive of bilateral adrenal 
hemorrhage. 

B, Scan of CT-guided needle aspiration done 6 days after A (prone 
subcostal approach) shows needle tip in enlarged right adrenal gland and 
cystic evolution of hemorrhage. 
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In animal experiments, the various adrenal pathologic changes 
induced by ACTH include adrenal tubular degeneration, focal necro- 
Sis, vascular wall injury, and hemorrhage [2]. The mechanism hypoth- 
esized is overstimulation by exogenous ACTH leading to hypertrophy 
of the zona fasciculata and reticularis. Subsequently, depletion of 
cortical hormones occurs, and this sets off the pathogenetic stage of 
degeneration and, finally, hemorrhage [1]. ACTH therapy ir patients 
who have ulcerative colitis has been implicated as a cause of bilateral 
adrenal hemorrhage, and this has been proved by either exploratory 
laparotomy or autopsy findings [1, 3, 4]. CT findings of ACTH-induced 
bilateral adrenal hemorrhage have not been described before in a 
case of Crohn disease. The CT diagnosis of bilateral adrenal hemor- 
rhage is presumptive and obviates exploratory laparotomy and bi- 
opsy. Our case shows that CT can play a vital role in early diagnosis 
and follow-up. Early diagnosis helps reduce the high mortality asso- 
ciated with the development of acute adrenal insufficiency because 
corticosteroid replacement therapy can be started promptly. 

Chandru Uday Jain 
Kopresh Gudi 

Joseph Giovanniello 
The Methodist Hospital 
Brooklyn, NY 11215 
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CT Diagnosis of Traumatic Mesenteric Venous 
Thrombosis 


Numerous conditions have been associated with mesenteric ve- 
nous thrombosis, including use of oral contraceptives, abdominal 
inflammatory disease, neoplasm, abdominal surgery, and cardiac 
disease. Spontaneous or primary mesenteric venous thrombosis also 
has been described. Rare isolated cases associated with blunt ab- 
dominal trauma fave occurred [1]. We report such a case. 

A 37-year-old woman who was wearing a seat belt was in an 
automobile accident. Ten days later she was admitted to the hospital 
because of upper abdominal pain radiating to the back. Tre patient 
was a nonsmoker and was taking birth control pills. By the following 
morning, tachycardia and upper abdominal guarding with rebound 
tenderness had developed. Abdominal CT showed supericr mesen- 
teric venous thrombosis, thickened jejunal loops, and fluid in the 
paracolic gutters (Fig. 1). At surgery, Superior mesenteric venous 
thrombosis with gangrene of a jejunal segment was seen. 

CT findings im venous thrombosis are well documented [2]. A 
thrombosed vein has a central area of low density with a rim of high 
attenuation attributed to contrast enhancement of the venous wall. 
Venous dilatation, which has been described in other cases of venous 
thrombosis, is not a useful finding in superior mesenteric venous 
thrombosis because no accurate measurements of the size of the 
superior mesenteric vein are available. The clinical presentation and 
CT findings in our case allowed a preoperative diagnosis of superior 
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Fig. 1.—A and B, CT scans show thrombosed superior mesenteric vein 
(arrow) with characteristic high-attenuation rim and low-attenuation center 
(A) and edema in mesentery radiating toward a grossly thickenec and 
distended segment of jejunum (B). 


mesenteric venous thrombosis. Delayed diagnosis of this condition 
is associated with high morbidity and mortality [1]. 

Mark D. Saerno 

Barry S. Rose 

Aultman Hospital 

Canton, OH 44710 
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Entrapment of the Popliteal Artery: MR Findings 


Entrapment of the popliteal artery is a rare congenital disorder 
resulting from an abnormal relationship between the popliteal artery 
and adjacent muscles. Although both CT [1, 2] and MR [2] can be 
used to show the entrapment, MR provides better soft-tissue cortrast 
[3] and does not require the use of IV contrast material to localize 
the popliteal artery and vein. 

A 45-year-old man was admitted because of intermittent claudi- 
cation of the left leg. Duplex Doppler sonography and arteriography 
showed a slender, occluded left popliteal artery. MR of the knee 
showed a band of muscle passing between the popliteal artery and 
vein (Fig. 1). 

Entrapment of the popliteal artery can be suspected when duplex 
Doppler sonography or arteriography shows characteristic medial 
deviation or compression of this artery. In this case, MR findings 


Fig. 1.—Axial MR image of 
knee shows medial head of gas- 
trocnemius muscle (curved ar- 
row) separating popliteal artery 
(arrowhead) and vein (straight ar- 
row). Note absence of signal from 
tendinous part of gastrocnemius. 
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were used to establish the diagnosis. In two other cases reported by 

our group [2], the abnormal bands of muscle were so thick that 

sonographic findings were sufficient to make the diagnosis, and the 

MR findings were merely confirmatory. Our three cases indicate that 

the abnormal band crossing over the popliteal artery may be quite 

slender and that MR may become the imaging technique of choice 
for diagnosing entrapment of this artery. 

Michel Fermand 

Didier Houlle 

J. N. Fiessinger 

J. M. Cormier 

Hopital St. Joseph 

75014 Paris, France 
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Simple Method to Identify Sequential Images 


In the June 1989 issue of AJR, Dalal and Hartman [1] describe a 
simple method of identifying sequential images produced by multifor- 
mat cameras. A permanent marker is used to label the hard copy as 
soon as the copy is produced. The data are the date and the position 
of the film with respect to the total number of films used in that 
sequence. 

A similar system has been in use at major imaging centers in our 
city for the past few years, and it definitely has reduced sorting time, 
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particularly when a patient has had multiple examinations and the 

images from all of them are in the same film jacket. This is a system 

of obvious merit, and it deserves to be followed at all imaging centers. 

Figure 1 shows the confusion that can prevail if such a system is not 
used. 

Suleman Merchant 
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Chest 


Kaposi’s sarcoma: CT-radiographic correlation. Naidich DP, Tarras 
M, Garay SM, Birnbaum B, Rybak BJ, Schinella R (DPN, Dept. of 
Radiology, Bellevue Hospital, New York, NY 10016). Chest 
96(4):723-728, Oct. 1989 


The role of CT in the diagnosis of intrathoracic Kaposi's sarcoma 
(KS) was evaluated retrospectively in 24 patients, in the absence of 
coexistent opportunistic infections. In all cases the diagnosis of KS 
was initially established by histologic evaluation of extrathoracic 
disease: 15 patients had verified parenchymal KS and nine patients 
endobronchial KS. (Chest roentgenograms were analyzed separately 
for each group: in 14 patients serial films were available for review. 
The predominant radiographic finding was the presence of nonspe- 
cific, bilateral, pesihilar infiltrates in 22 of 24 cases (92 percent). 
Corresponding CT scans documented the presence of abnormal hilar 
densities characteristically extending into the adjacent pulmonary 
parenchyma along distinctly perivascular and peribronchial pathways. 
Discrete, poorly marginated nodules were identified radiographically 
in ten cases (42 percent); these proved to be randomly distributed 
throughout the parenchyma on CT. Radiographic evidence of me- 
diastinal adenopathy was distinctly unusual, seen in only two cases 
(8 percent). While CT typically demonstrated shotty adenopathy, 
significantly enlarged nodes (>1 cm) were rarely identified We con- 
cluded that CT is more specific than routine roentgenograms for 
identifying pulmomary KS. While not pathognomonic, peribronchial 
and perivascular disease is sufficiently characteristic to obviate more 
invasive diagnostic procedures, especially in patients with established 
KS. 


Gastroenterology 


Extracorporeal shock-wave lithotripsy and methyl tert-butyl ether 
for partially calcified gallstones. Peine CJ, Petersen BT, Williams 
HJ, et al. (CUP, Division of Gastroenterology, Mayo Clinic, Rochester, 
MN). Gastroenterology 97:1229-1235, 1989 


To explore the possibility that gallbladder stone fragments might 
be able to be safely dissolved using methyl tert-butyl ether immedi- 
ately after extracorporeal shock-wave lithotripsy (ESWL), a feasibility 
study in 8 patieats with one to four partially calcified gallbladder 
stones was performed. The gallstones averaged 2.2 cm in diameter 
(range 1.3-3 cmand contained layered or diffuse calcium detectable 
by computed tomography scan only (7 patients) or plain film (1 


patient). After a 5F (1.7 mm) pigtail catheter was placed percuta- 
neously into the gallbladder, ESWL fragmentation was performed 
using a renal stone lithotriptor. The patients were under general 
anesthesia and in the prone position on a support gantry designed 
for gallbladder stone ESWL. Following ESWL, methyl tert-butyl ether 
was infused and aspirated via the gallbladder catheter until no further 
stone material was radiologically detectable or could be dissolved. 
After 8-26 h (mean = 13 h) of methyl tert-butyl ether therapy, no 
radiologically detectable gallstones remained in 6 of 8 patients. Shell 
fragments of three peripherally calcified stones in 1 patient and the 
densely calcified, predominantly pigment stone in a second patient 
were refractory to combined therapy. Both ESWL and treatment with 
methyl tert-butyl ether were well tolerated in all patients, although bile 
leakage after catheter removal occurred in 3 patients, one of whom 
was treated by cholecystectomy. Additional measures to prevent bile 
leakage may be advisable if these two modalities are to be used in 
tandem. We found no evidence, however, that predissolution stone 
fragmentation with ESWL predisposed the gallbladder to either mu- 
cosal damage by methyl tert-butyl ether or increased absorption of 
it. 


Reprinted with permission by the American Gastroenterological Society. 


Digestive Diseases and Sciences 


Campylobacter pylori-related gastrointestinal disease in children: 
incidence and Clinical findings. Glassman MS, Schwarz SM, Me- 
dow MS, et al. (MSG, Dept. of Pediatrics, Division of Gastroenterology 
and Nutrition, New York Medical College, Valhalla, NY 10595). Dig 
Dis Sci 34(10):1501-1504, Oct. 1989 


Over a one-year period, 95 children and adolescents presenting 
with epigastric pain and/or vomiting, and without associated risk 
factors for development of peptic disease, underwent endoscopic 
antral biopsies for pathologic diagnosis and to detect presence of 
Campylobacter ss. pylori (C. pylori). Additional biopsies of the esoph- 
agus, stomach, and duodenum were obtained for histologic evalua- 
tion. C. pylori was identified in 16 patients (16.8%), all of whom had 
evidence of acute and/or chronic gastritis. Significant discriminating 
factors between C. pylori-positive and -negative subjects included 
age at presentation (positive vs negative = 14.6 vs 9.9 years, P < 
0.01), biopsy-confirmed gastritis (100% vs 30.4%, P < 0.001), and 
diagnosis of duodenitis alone (0% vs 46.8%, P < 0.001). Risk for 
bacterial colonization was significantly higher in the presence of 
endoscopic gastritis (P < 0.001). Among C. pylori-positive patients, 
none responded to standard antiulcer therapy (H2-receptor antago- 
nists, antacids). Symptomatic and histologic remission was achieved 
utilizing combined therapy with bismuth subsalicylate and antibiotics. 
Seven of 79 C. pylori-negative patients with biopsy-proven gastritis 
who responded poorly to antisecretory therapy had the organism 
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identified in follow-up antral biopsies; these patients improved clini- 
cally following treatment for C. pylori. These data suggest that C. 
pylori is a significant factor in the etiology of upper gastrointestinal 
tract inflammatory disease in pediatrics, and presence of the organism 
should be evaluated, particularly in children with evidence of acute 
and/or chronic gastritis. 


Pouch ileitis. Zuccaro G Jr, Fazio VW, Church JM, Lavery IC, 
Ruderman WB, Farmer RG (RGF, The Cleveland Clinic Foundation, 
9500 Euclid Ave., Cleveland, OH 44195). Dig Dis Sci 34(10):1505- 
1510, Oct. 1989 


Pouch ileitis is the most poorly understood complication of ileal 
reservoir surgery. Variability in definition of this syndrome may ac- 
count for differences in incidence rate, associated symptoms, and 
response rate to therapy present in the literature. Outcomes of 19 
episodes of pouch ileitis in patients having undergone prior colectomy 
and continent ileostomy construction for presumed ulcerative colitis 
were analyzed. An episode of pouch ileitis was characterized by: (1) 
abdominal pain, (2) increased ileal output, (3) mucosal inflammation 
within the continent ileostomy, and (4) absence of other recognized 
concurrent postoperative complications. The mean time of occur- 
rence after construction of the continent ileostomy was 25 months 
(range 3-54 months). The mean length of follow-up of patients 
included in this analysis was 49 months from the time of continent 
ileostomy construction (range 22-101 months). Associated clinical 
symptoms included bloody effluent (53%), nausea or emesis (47%), 
and fever (42%). Endoscopic features were often nonspecific, with 
mucosal erythema (84%), edema (79%), friability (58%), and mucosal 
ulceration (53%) the most common. In those episodes of pouch ileitis 
where ileoscopy revealed no evidence of mucosal ulceration, com- 
plete resolution of the episode occurred 89% of the time, with 78% 
treated with antibiotics alone. In those episodes where mucosal 
ulceration was described on ileoscopy, 40% of episodes completely 
resolved after medical treatment, 20% with antibiotics alone. The 
varied clinical symptoms, endoscopic findings, and response to treat- 
ment raises the possibility that what has previously been described 
in the literature as pouch ileitis may be a heterogeneous group not of 
single etiology. This concept is consistent with the existing literature 
supporting both bacterial overgrowth and recurrence of inflammatory 
bowel disease as etiologies of pouch dysfunction and ileitis. 


Gastrointestinal Endoscopy 


Endoscopic therapy for benign bile duct strictures. Geenen DJ, 
Geenen JE, Hogan WJ, et al. (JEG, 1333 College Ave., Racine, WI 
53403). Gastrointest Endosc 35(5):367-371, 1989 


Endoscopic therapy was attempted in 25 patients with benign 
strictures of the bile duct. In 23 patients, treatment involved endo- 
scopic balloon dilation of the stricture zone or balloon dilation plus 
endoprosthesis placement. In 22 of 25 patients (88%), there was 
benefit from the endoscopic treatment. In 20 of 23 patients, there 
was significant radiographic improvement (p < 0.001) in the diameter 
of their stricture following endoscopic therapy. All patients with ele- 
vated liver enzymes demonstrated rapid improvement following treat- 
ment. There was no significant morbidity or mortality associated with 
endoscopic treatment of benign biliary tract strictures. Follow-up 
study (mean, 4 + 0.3 years) discloses no recurrence of symptoms or 
elevated enzymes indicative of recurrent strictures. The treatment of 
benign bile duct strictures by a combination therapy of balloon dilation 
and stent placement provides a safe and effective treatment modality 
and an alternative to operative intervention. 


The Journal of Bone and Joint Surgery 


Spontaneous atraumatic anterior subluxation of the sternoclavic- 
ular joint. Rockwood CA Jr, Odor JM (CAR, University of Texas 
Health Science Center, School of Medicine, 7703 Floyd Curl Dr., San 
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Antonio, TX 78284-7774). J Bone Joint Surg [Am] 71-A(9):1280- 
1288, Oct. 1989 


We reviewed the cases of thirty-seven young patients, ten to thirty- 
six years old, who had had spontaneous atraumatic anterior sublux- 
ation of the sternoclavicular joint. Sudden atraumatic subluxation is 
quite alarming to the patient and the physician. Twenty-nine of the 
thirty-seven patients were treated non-operatively by observation and 
rehabilitative measures. Eight patients had been treated elsewhere 
with attempted operative reconstruction of the sternoclavicular joint 
or with resection arthroplasty. After an average follow-up of eight 
years, the twenty-nine patients who were treated non-operatively 
(group |) had excellent results, with no limitations of activity or 
changes in lifestyle. The eight patients who were treated operatively 
(group Il) had numerous problems, including noticeable scars, per- 
sistent instability, pain, or limitation of activity that resulted in an 
alteration in lifestyle. Three of the eight patients had had a resection 
of the medial portion of the clavicle. Two of them had a second 
resection and the third patient had a third resection. A thoracic-outlet 
syndrome developed in this patient and the clavicle had to be totally 
resected to obtain relief. 

Since spontaneous atraumatic anterior subluxation of the sterno- 
clavicular joint has a benign natural course, it should not be treated 
with operative stabilization of the joint. Instead, a conservative ap- 
proach that includes education and reassurance of the patient will 
result in an unaltered lifestyle with no limitation of activity and little or 
no discomfort. 


The Journal of Urology 


The detection of renal carcinoma extension into the renal vein 
and inferior vena cava: a prospective comparison of venacavog- 
raphy and magnetic resonance imaging. Horan JJ, Robertson CN, 
Choyke PL, et al. (JJH, Dept. of Urology, National Cancer Institute, 
National Institutes of Health, Bethesda, MD). J Urol 142:943-948, 
Oct. 1989 


Accurate preoperative evaluation of the inferior vena cava and 
renal vein in patients with renal cell carcinoma is mandatory to plan 
a successful surgical approach. The presence of venous extension 
may alter transfusion and anesthetic requirements, as well as require 
the addition of a vascular surgeon to the operative team. Venacavog- 
raphy traditionally has been considered the most reliable method to 
identify tumor thrombus, although magnetic resonance imaging has 
been proposed as a possible noninvasive alternative. We compared 
prospectively the accuracy of these 2 methods in 44 consecutive 
patients with renal cell carcinoma who subsequently underwent ne- 
phrectomy. Of the 44 patients 11 (25%) had tumor extension into the 
inferior vena cava and 17 (39%) had involvement of the renal vein at 
operation. Venacavography and magnetic resonance imaging cor- 
rectly identified 9 of the 11 patients (82%) with inferior vena caval 
thrombus. When the results of both tests were combined, all 11 
cases of vena caval extension were identified. Venacavography was 
slightly more sensitive (71%) in identifying the presence of renal vein 
thrombus than magnetic resonance imaging (65%) but these differ- 
ences were not statistically significant. Magnetic resonance imaging 
better localized the thrombus within the renal vein. We conclude that 
venacavography and magnetic resonance imaging offer equal diag- 
nostic accuracy in the identification of venous extension of renal cell 
carcinoma. The combination of both tests results in higher diagnostic 
yield than either test alone. Neither test by itself is reliable in the 
presence of a large, bulky adenopathic lesion that compresses the 
inferior vena Cava. 


The Journal of Pediatrics 


Intracranial injury after moderate head trauma in children. Rosen- 
thal BW, Bergman | (BWR, Children’s Hospital of Pittsburgh, One 
Children’s Place, Pittsburgh, PA 15213-3417). J Pediatr 115:346- 
350, Sept. 1989 
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We retrospectively evaluated the records of 459 children who had 
normal findings on a neurologic examination after moderate head 
injury characterized by brief loss of consciousness. Skull x-ray ex- 
amination had been performed in 358 children, and 52 (14%) had 
fractures. Intracranial complications developed in six children (1.3%); 
five had extradural hematomas and one had bifrontal contusions. All 
six had skull fractures. Three children required surgical evacuation of 
hematomas between approximately 24 and 72 hours after injury. On 
the basis of these results, we conclude that in the absence of a skull 
fracture, most alert children without symptoms who have sustained 
moderate head injury may be safely discharged from the emergency 
department in the care of a competent observer. 


Upper gastrointestinal tract endoscopy in the pediatric patient. 
Caulfield M, Wyllie R, Sivak MJ Jr, Michener W, Steffen R (RW, 
Cleveland Clinic Foundation, 9500 Euclid Ave., Cleveland, OH 44106). 
J Pediatr 115(3):339, Sept. 1989 


Since the introduction of flexible fiberoptic endoscopy in the early 
1970s, esophagagastroduodenoscopy has become an established 
procedure for the diagnosis, evaluation, and treatment of gastrointes- 
tinal tract disease in pediatric patients. These procedures have in- 
creased dramatically during the past two decades, and the use and 
importance of gastrointestinal tract endoscopy have continued to 
increase as instruments specifically designed for pediatric patients 
have come into routine use. Progress in therapeutic endoscopy is 
expected to further enhance the usefulness of upper esophagogas- 
troduodenoscopy. The techniques of this procedure, its complica- 
tions, and indications for its use are reviewed. 


Colonoscopy in the pediatric patient. Steffen RM, Wyllie R, Sivak 
MV Jr, Michener WM, Caulfield ME (RW, Section of Pediatric Gastro- 
enterology and Nutrition, Cleveland Clinic Foundation, 9500 Euclid 
Ave., Cleveland, OH 44106). J Pediatr 115(4):507, Oct. 1939 


In 1963 the description’ of the first workable fiberoptic panendo- 
Scope heralded a new era of accurate gastrointestinal tract diagnosis 
and therapeutic procedures. Since the introduction of the flexible 
fiberoptic colonoscope in the early 1970s, colonoscopy has become 
an established precedure for the diagnosis, evaluation, and treatment 
of large bowel disease in pediatric patients. The number of proce- 
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dures has increased dramatically during the past 10 years. The use 
and importance of colonoscopy have continued to increase as instru- 
ments specifically designed for children come into routine use. Differ- 
ences between pediatric and adult patients not only influence the 
approach to the patient but also modify therapeutic decisions when 
abnormalities are suspected or identified. We review here the value 
of the procedure, patient selection, instrumentation, and complica- 
tions. Advances in technique, premedication, and applications to 
pediatric patients are also discussed. 


Journal of Ultrasound in Medicine 


Duplex ultrasound evaluation of normal native kidneys and native 
kidneys with urinary tract obstruction. Gottlieb RH, Luhmann K, 
Oates RP (RHG, Dept. of Radiology, SUNY Health Science Center at 
Syracuse, 750 E. Adams St., Syracuse, NY 13210). J Ultrasound 
Med 8:609-611, Nov. 1989 


The average resistive indices of 15 native kidneys from 8 patients 
with no known renal dysfunction were determined with the Doppler 
waveform obtained from the interlobar arteries. The average resistive 
index for this group was .58; the highest value was .66. The interlobar 
arteries of four native kidneys with urinary tract obstruction as well 
as those of the contralateral unobstructed kidneys were evaluated 
by Duplex ultrasound. Unilateral urinary tract obstruction was due to 
a congenital ureteropelvic junction obstruction in one patient or an 
acutely obstructing calculus at the ureterovesical junction in three 
patients. The average resistive index of the four obstructed kidneys 
was .75 and the lowest value was .71. The average resistive index 
of the four contralateral unobstructed kidneys in these patients and 
the 15 kidneys from patients with no known renal abnormalities was 
.58, which was significantly different from the value for the obstructed 
kidney (p < .005). 

The resistive index from the interlobar arteries of normal native 
kidneys is reproducible as previously reported in renal transplants. 
Pathologic renal processes, such as urinary tract obstruction, may 
be characterized by abnormally high resistive indices. 


Reprinted with permission by the American Institute of Ultrasound in Medi- 
cine. 
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Fellowships in Abdominal Imaging at Bowman Gray 


The Abdominal Imaging Fellowship program at the Bowman Gray 
School of Medicine, Winston-Salem, NC, is accepting applicants for 
the academic year starting July 1, 1990. The purpose of the 1-year 
fellowship is to provide advanced training in the major aspects of 
abdominal imaging and interventional techniques. The program is 
intended to prepare the fellow for an academic career or for practice 
with a large subspecialized private group. Training and experience 
will be provided in gastrointestinal and genitourinary radiology, CT 
scanning, abdominal ultrasound, MR imaging, and abdominal inter- 
ventional procedures. Participation in ongoing programs of research 
and publication will be encouraged. Applicants must be board-eligible 
and have strong recommendations. An interview is required. Infor- 
mation: David W. Gelfand, M.D., Dept. of Radiology, Bowman Gray 
School of Medicine, 300 S. Hawthorne Rd., Winston-Salem, NC 
27103. 


Duplex Imaging 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine will present Duplex Imaging, Feb. 1-3, at Le Meridian 
Hotel, Coronado (San Diego), CA. The course is designed to provide 
practicing physicians, sonographers, and vascular technologists with 
instruction in the principles and clinical applications of duplex scan- 
ning. Leaders in the field will discuss a wide variety of clinical 
applications of Doppler sonography. Course directors: Barbara B. 
Gosink and Sandra Hagen-Ansert. Guest faculty: D. S. Babcock, P. 
N. Burns, D. H. O’Leary, and Steve Moreland. Category 1 credit: 16 
hr. Fee: physicians, $375; residents, fellows, nurses, sonographers, 
and technologists, $275. Information: Dawne Ryals, Ryals & Associ- 
ates. P. O. Box 1925, Roswell, GA 30077-1925; telephone: (404) 
641-9773; fax: (404) 552-9859. 


AFIP Annual Neuroradiology Review Course 


The Armed Forces Institute of Pathology, the American College of 
Radiology, and the American Registry of Pathology are sponsoring 
the 5th annual AFIP Neuroradiology Review Course, Feb. 24-25, at 
the Hyatt Regency Bethesda, Bethesda, MD. The purpose of the 
course is to review basic concepts in neuroradiology, with an empha- 
sis on pathologic correlation and pathophysiology. The course will 
precede the annual AFIP Neuropathology Course, which will be held 
Feb. 26-March 2 at the same hotel. Course directors: James G. 
Smirniotopoulos and Frances M. Murphy. Information: Ms. Renee 
Buysse, (202) 576-2534 or 576-2535. 


Neuroradiology at Snowbird 


The Dept. of Radiology, Hospital of the University of Pennsylvania, 
is sponsoring Neuroradiology at Snowbird, Feb. 26-March 2, at the 
Cliff Lodge, Snowbird, UT. Guest faculty: Rosalie Burns, H. R. Harns- 
berger, and Ronald Kokot. Category 1 credit: 26 hr (pending). Fee: 
physicians, $525; residents, $350 (letter required). Information: Janice 
Ford or Nancy Fedullo, Dept. of Radiology, Hospital of the University 
of Pennsylvania, 3400 Spruce St., Philadelphia, PA 19104; (215) 662- 
6904 or 662-6982. 


Advanced Seminar in Diagnostic Imaging 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present Advanced Seminar in Diagnostic Imaging, 
March 2-4, at the Ritz-Carlton Resort Hotel, Laguna Niguel, CA. The 
course is intended for experienced imagers and other physicians who 
are thoroughly sophisticated in the fundamentals of radiology. Pro- 
gram director: David A. Feigin. Category 1 credit: 18 hr. Fee: practic- 
ing physicians, $400; residents, fellows, and technologists, $275. 
Information: Dawne Ryals, Ryals & Associates, P. O. Box 1925, 
Roswell, GA 30077-1925; telephone: (404) 641-9773; fax: (404) 552- 
9859. 


Postgraduate MR Imaging 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present tne 5th Annual San Diego Postgraduate 
Magnetic Resonance Imaging course, March 5-9, at the Hotel del 
Coronado, Coronado (San Diego), CA. The course is designed for 
physicians and allied health personnel. It will highlight the physical 
basis of MR imaging and clinical applications and will preview antici- 
pated developments in MR technology. The course will provide an 
overview of the impact of MR on medical diagnosis and will discuss 
MR of specific organ systems, including the brain and spinal cord, 
cardiovascular system, musculoskeletal system, and the abdomen. 
Program directors: John R. Hesselink, Donald Resnick, and Robert 
F. Mattrey. Guest faculty: Javier Beltran, W. G. Bradley, Jr., R. R. 
Edelman, Moktar Gado, R. F. Herfkens, and S. M. McCarthy. Cate- 
gory 1 credit: 28.25 hr. Fee: physicians, $450; residents, fellows, 
nurses, and technologists, $350. Information: Dawne Ryals, Ryals & 
Associates, P. O. Box 1925, Roswell, GA 30077-1925; telephone: 
(404) 641-9773; fax: (404) 552-9859. 
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MR Imaging: Principles, Methodology, and 
Applications 


The Dept. of Radiology, Hospital of the University of Pennsylvania, 
is sponsoring MR Imaging: Principles, Methodology, and Applications, 
March 12-16, in Grindelwald, Switzerland. Category 1 credit: 26 hr 
(pending). Fee: physicians, $525: residents, $350 (letter required). 
Information: Janice Ford or Nancy Fedullo, Dept. of Radiology, Hos- 
pital of the University of Pennsylvania, 3400 Spruce St., Philadelphia, 
PA 19104; (215) 662-6904 or 662-6982. 


Drugs, Behavior, and the Brain: Advances in PET 
and SPECT Imaging of the Brain 


The Johns Hopkins Medical Institutions is sponsoring Drugs, Be- 
havior, and the Brain: Advances in PET and SPECT Imaging of the 
Brain, March 15-17, at the Johns Hopkins Medical Institutions, 
Baltimore. The course will cover the use of positron emission tomog- 
raphy (PET) and single-photon emission CT (SPECT) in basic and 
clinical neurosciences. Areas covered will include advances in 
SPECT/PET technology; design, development, and assessment of 
Clinically useful neurotropic drugs; measurement of regional blood 
flow; assessment of regional neuronal activity; characterization of the 
chemistry of neurotransmission; the chemistry of drug abuse; and 
application of PET/SPECT technology in neurology, psychiatry, neu- 
rosurgery, and pharmacology. Course director: Henry N. Wagner, Jr. 
Category 1 credit: 18 hr. Fee: physicians, $440; residents, $340. 
Information: Patty Campbell, Program Coordinator, The Jonns Hop- 
kins Medical Institutions, Office of Continuing Education, 720 Rutland 
Ave., Baltimore, MD 21205; (301) 955-6046; or Julia W. Buchanan, 
Course Codirector, (301) 955-8582. 


Prenatal Diagnosis of Congenital Anomalies 


The American Institute of Ultrasound in Medicine is sponsoring 
Prenatal Diagnosis of Congenital Anomalies, April 2-6, in Sonora 
Bay, Mexico. Category 1 credit: 32 hr. Fee: physicians, $800; son- 
ographers, $600. Information: Philippe Jeanty, M.D., Ph.D.. Dept. of 
Diagnostic Imaging, Vanderbilt University Medical Center, 21st and 
Garland, Nashville, TN 37232-2765; (615) 322-0999. 


Advanced Imaging of the Musculoskeletal System 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present Advanced Imaging of the Musculoskeletal 
System, April 14-15, at the Hotel del Coronado, Coronado (San 
Diego), CA. The purpose of the course is to review the new advanced 
techniques available for imaging the musculoskeletal system. The 
course will emphasize MR imaging and will provide an update on CT, 
densitometry, and bone biopsy. Program directors: Sevil Kursunoglu- 
Brahme and Donald L. Resnick. Category 1 credit: 9 hr. Fee: physi- 
cians, $175; residents, fellows, and technologists, $100. Information: 
Dawne Ryals; Ryals & Associates, P. O. Box 1925, Roswell, GA 
30077-1925; telephone: (404) 641-9773: fax: (404) 552-9859. 


San Diego Residents Radiology Review Course 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will offer the 10th annual San Diego Residents Review 
Course, April 15-20, at the Hotel del Coronado, Coronado (San 
Diego), CA. The course is designed primarily for practicing radiologists 
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and senior residents in radiology who desire a comprehensive review 
of the entire field of diagnostic radiology. Program directors: Folke J. 
Brahme and Saskia von Waldenburg Hilton. Category 1 credit: 39 hr. 
Fee: $435. Information: Dawne Ryals, Ryals & Associates, P. O. Box 
1925, Roswell, GA 30077-1925; telephone: (404) 641-9773; fax: 
(404) 552-9859. 


Introduction to Interventional Radiology 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present Introduction to Interventional Radio ogy, 
April 21, at the Hotel del Coronado, Coronado (San Diego), CA. The 
course is designed for residents and practicing radiologists. Program 
director: Eric vanSonnenberg. Category 1 credit: 8.25 hr. Fee: $100. 
Information: Dawne Ryals, Ryals & Associates, P. O. Box 1925, 
Roswell, GA 30077-1925; telephone: (404) 641-9773: fax: (404) 552- 
9859. 


Spring Diagnostic Ultrasound Conference 


The Continuing Education Committee, the Los Angeles Radiologi- 
cal Society (LARS), is sponsoring the 15th annual Spring Diagnostic 
Ultrasound Conference, April 27-29, at the Century Plaza Hotel. Los 
Angeles. The meeting will include six workshop sessions. Topics to 
be covered include abdominal, interventional, prostatic, endovaginal, 
spectral, and color Doppler sonography. William Lees will give a 
special presentation on the latest development in endoscopic scnog- 
raphy. Category 1 credit: up to 20 hr. Fee (3 days/2 days): physicians, 
$395/$345; LARS or Ultrasound members, $325/$275; Technolo- 
gists-nonmember, $345/$295; Technologists-LARS or Ultrasound 
member, $295/$245. Information: Los Angeles Radiological Soci- 
ety—SDUC, P. O. Box 91215, Los Angeles, CA 90009-1215: (213) 
827-9078. 


Radiology Review Course 


The Depts. of Radiology, University of Miami, School of Medicine, 
Miami, FL, and Mount Sinai Medical Center of Greater Miami, Miami 
Beach, FL, are sponsoring Radiology Review Course, April 29-May 
4, at the Hyatt Regency Miami, Miami, FL. The program is designed 
for residents who are completing training and for practicing physicians 
who desire a comprehensive up-to-date review of imaging of all the 
major organ systems, including the chest, cardiovascular system, 
abdomen, retroperitoneum, pelvis, musculoskeletal system, and 
CNS. Didactic presentations will be augmented by audiovisual! ma- 
terials, and informal case presentations will conclude each session. 
Registrants will have an opportunity to review approximately 180 
cases that use the spectrum of imaging techniques to determine the 
definitive diagnosis and stress the differential diagnosis for each case. 
Program directors: Catherine A. Poole and Manuel Viamonte, Jr. 
Category 1 credit: 43 hr. Fee: $390. Information: Carol Lamarre, 
Program Coordinator, University of Miami, School of Medicine, Dept. 
of Radiology (R-109), P. O. Box 016960, Miami, FL 33101: (305) 
549-6894. 


Mid-Pacific Diagnostic Ultrasound Conference 


The Continuing Education Committee, Los Angeles Radiological 
Society (LARS), is sponsoring the 10th annual Mid-Pacific Diagnostic 
Ultrasound Conference, May 1-5, at the Kauai Hilton Resort, Kauai, 
HI. The meeting will feature nationally recognized experts in diagnos- 
tic ultrasound. A series of lectures followed by a panel discussion 
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and case presentations will be given each morning. Category 1 credit: 
up to 19 hr. Fee: physicians, $395; technologists, $295. Information: 
Los Angeles Radiological Society —MPDUC, P. O. Box 91215, Los 
Angeles, CA 90009-1215; (213) 827-9078. 


Advances in CT and MRI 


The Office of Continuing Medical Education and the Dept. of 
Radiology, University of Michigan, Medical School, are sponsoring 
Advances in CT and MRI, May 2-4, at Towsley Center, Ann Arbor, 
MI. The course will review current techniques and applications of 
body CT and present the most up-to-date information on MR imaging, 
including uses in the CNS. Course directors: Alex M. Aisen and 
James H. Ellis. Category 1 credit: 22 hr. Information: Betty Phillips, 
Program Assistant, Office of Continuing Medical Education, G-1100 
Towsley Center, Box 0201, University of Michigan, Medical School, 
Ann Arbor, MI 48109-0201; (313) 763-1400. 


Symposium in Diagnostic Ultrasound 


The State University of New York, Health Science Center at 
Brooklyn, is sponsoring the 14th annual Spring Weekend Symposium 
in Diagnostic Ultrasound, May 4-6, at the Waldorf-Astoria Hotel, New 
York City. Category 1 credit: 18.5 hr. Fee: physicians, $400; resi- 
dents, fellows, and technologists, $300. Information: Ms. Carole 
Magid-Green, Box 1198, SUNY Health Science Center at Brooklyn, 
450 Clarkson Ave., Brooklyn, NY 11203; (718) 270-1603. 


American Society of Emergency Radiology Annual 
Meeting 


The American Society of Emergency Radiology will hold its 1st 
annual meeting June 2 in Boston. Special attention will be given to 
clinical, educational, and technologic innovations in emergency ra- 
diology. Information: Gordon C. Carson, M.D., 6431 Fannin, Ste. 
2.132, Houston, TX 77030; (713) 797-2813. 


Radiology in Scandinavia and the Soviet Union 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present Radiology in Scandinavia and the Soviet 
Union, June 16-30, in Copenhagen, Malmo, Stockholm, Helsinki, and 
Leningrad. The course is designed to provide current information in 
pediatric radiology, sonography, MR imaging, CT, interventional ra- 
diology, and other fields of radiology. The emphasis will be on recent 
developments and practical applications. Registrants will have the 
opportunity to meet and talk with Scandinavian and Russian col- 
leagues. Program director: Folke J. Brahme. Scandinavian faculty: 
Torsten Almen, Ingvar Andersson, Birgitta Hillarp, Goran Nylander, 
and C. G. Westrin. Category 1 credit: 32 hr. Fee: practicing physi- 
cians, $525: residents, fellows, and technologists, $395. Information: 
Dawne Ryals, Ryals & Associates, P. O. Box 1925, Roswell, GA 
30077-1925; telephone: (404) 641-9773; fax: (404) 552-9859. 


American Association of Physicists in Medicine 
Annual Meeting 


The 32nd annual meeting of the American Association of Physicists 
in Medicine will be held July 22-26 in St. Louis. The program will 
include oral presentations, poster sessions, and paper exhibits. Sub- 
mission of proffered papers on all aspects of medical physics is 
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encouraged. Deadline for abstracts of proffered papers is Feb. 23. 
Deadline for abstracts of works in progress is April 27. Information: 
American Association of Physicists in Medicine, 335 E. 45th St., New 
York, NY 10017; (212) 661-9404. 


Copenhagen Symposium on Uroradiology 


The Danish Society of Uroradiology is organizing the 2nd Copen- 
hagen Symposium on Uroradiology: Imaging and Intervention. The 
symposium will be held Aug. 27-30 at the Herlev Hospital, University 
of Copenhagen, Herlev, Denmark. Featured topics will include imag- 
ing and interventional radiology of the upper urinary tract, contrast 
medium nephrotoxicity, hydronephrosis and obstruction, the urinary 
bladder, genital radiology, and the adrenal glands. Fee: before June 
1, DKR 2500; after June 1, DKR 2900. Information: Henrik S. Thom- 
sen, M.D., Dept. of Diagnostic Radiology 54E2, KAS Herlev, Herlev 
Ringvej, DK-2730 Herlev, Denmark; telephone: + 45 2 94 27 33, ext. 
278. 


European Society of Head and Neck Radiology 
Annual Meeting 


The 4th annual meeting of the European Society of Head and Neck 
Radiology will be held at Brescia (Lake of Garda), Italy, Sept. 12-15. 
The program will feature refresher courses, free papers, and scientific 
exhibits. Topics will include temporal bone, temporomandibular joint, 
salivary glands, nasopharynx, oropharynx, and larynx. Information: 
Clas International S.r.l., Via Pace, 8, 25122 Brescia, Italy; telephone: 
+ 39 30 48006; fax: + 39 30 293282. 


International Conference on Ultrasound 
Angiography 


The first of a series of international conferences on ultrasound 
angiography will be held at the University of London, United Kingdom, 
Sept. 25-28. The objectives of the conferences are to provide an 
international forum for the presentation and discussion of the latest 
clinical and technical developments in ultrasound arteriography and 
venography and to provide training in these techniques and guidance 
in the establishment of vascular diagnostic services by a combination 
of training workshops and hands-on practice. Information: The Con- 
ference Secretariat, P. O. Box 15, Eastleigh, Hampshire SOS 5XG, 
UK. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Sept. 27-28. Oral examinations will be held at the 
Executive West Hotel in Louisville, KY, June 4-8. The ABR will 
accept applications for admission to the examinations after July 1, 
but not later than Sept. 30, in the year preceding the year in which 
the examination is to be taken. For application forms and further 
information: Office of the Secretary, The American Board of Radiol- 
ogy, 300 Park, Ste. 440, Birmingham, MI 48009. 


Meeting and Course Review 


For the reader's convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 
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Visiting Fellowships in Radiology at MGH, times arranged, Boston 
(April) 

Biliary Lithotripsy Visiting Fellowships, times arranged, Philadelphia 
(April) 

Visiting Fellowship in Interventional Radiology, times arranged, 
Baltimore (Sept) 

Visiting Fellowships at UCSF, times arranged, San Francisco (Sept) 
Preceptorships in Transrectal Ultrasound of the Prostate, Ann 
Arbor, MI (Sept) 

Diagnostic Radiology and Nuclear Medicine, Jan.27-Feb. 3, St. 
Thomas, U. S. Virgin Islands (Oct) 

Coronary Atherosclerosis: New Diagnostic and Therapeutic Ap- 
proaches, Jan. 28-Feb. 1, Orlando, FL (Sept) 

Obstetrics and Gynecology, Jan. 29-Feb. 2, March 12-16, and 
April 16-20, Philadelphia (Jan) 

Mid-Pacific Radiological Conference, Jan. 30-Feb. 3, Maui, HI 
(Sept) 

Society for Pediatric Radiology Research and Education Grants, 
deadline for submission of applications, Feb. 1 (Nov) 

Fellowships in Biliary Lithotripsy, Feb. 1-3, March 1-3, May 3-5, 
and June 7-9, Baltimore, MD (Dec) 

14th Annual Big Sky Radiology Conference, Feb. 4-8, Big Sky, MT 
(Dec) 

Computed Body Tomography 1990—The Cutting Edge, Feb. 8- 
11, Orlando, FL (Nov) 

Intermountain Imaging Conference, Feb. 10-17, Steamboat 
Springs, CO (Oct) 

XV Interamerican Congress of Radiology, Feb. 11-16, Caracas, 
Venezuela (Aug) 

Interventional Radiology 1990: Vascular and Biliary Updates, Feb. 
11-16, Snowbird, UT (Oct) 

Practical Radiolagy 1990, Feb. 11-16, Vancouver, B.C (Nov) 

8th Annual Uroradiology Course, Feb. 14-15, Bethesda, MD (Dec) 
Automated Percutaneous Discectomy Workshops, Feb. 17-18, 
San Francisco; April 7-8, Washington, DC (Sept) 

Palm Beach MR Imaging Update, Feb. 18-21, Palm Beach, FL (Dec) 
Imaging the Central Nervous System (Including the Spine), Feb. 
18-23, Tucson, AZ (Oct) 

Masters Diagnostic Radiology Conference, Feb. 18-23, Big Island 
of Hawaii, HI (Dec) 

Winter Imaging Seminar, Feb. 19-23, Cancun, Mexico (Dec) 
International Symposium, Feb. 21-23, New Delhi, India (Jan) 

Sun Valley Imaging, Feb. 24-March 4, Sun Valley, ID (Nov) 
International Conference on Gallstones and Their Management, 
Feb. 25-28, Jerusalem, Israel (May) 

LSU Seminar at Aspen, Feb. 25-March 2, Aspen, CO (Dec) 
Neuroradiology and Body Imaging, Feb. 26-March 2, Acapulco, 
Mexico (Nov) 

Interventional Radiology in Cardiovascular Pathology, Feb. 28- 
March 2, Toulouse, France (Aug) 

Philadelphia Symposium on Biliary Lithotripsy, March 1-3, Phila- 
delphia (Nov) 

Skeletal Symposium, March 5-9, Sun Valley, ID (Dec) 

Differential Diagmosis in Radiology, March 9-11, Ann Arbor, MI 
(Jan) 

Current Topics in Diagnostic Imaging, March 12-16, Cerromar 
Beach, Puerto Rieo (Nov) 

Ultrasound 1990, March 13-16, Boston (Nov) 

Doppler Velocimetry in Clinical Obstetrics, March 14 and April 25, 
Baltimore (Nov) 

Pediatric Radiolagy 1990, March 15-17, Philadelphia (Dec) 
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Basic Concepts of Swallowing and Swallowing Disorders, March 
21, Baltimore (Nov) 

Symposium on Dysphagia Ill, March 22-23, Baltimore (Nov) 

Yale Symposium on Duplex and Doppler Ultrasound, March 22- 
23, New Haven, CT (Dec) 

Abdominal Ultrasound, March 26-29 and June 11-14, Philadelphia 
(Jan) 

Prostate Ultrasound, March 30 and June 15, Philadelphia (Jan) 
Skeletal Radiology 1990, March 31-April 5, Scottsdale, AZ (Nov) 
Joint American-European Course in Davos, Switzerland, April 1- 
7, Davos (Jan) 

Society of Computed Body Tomography Annual Course, April 2- 
6, Palm Springs, CA (Nov) 

National Council on Radiation Protection and Measurements An- 
nual Meeting, April 4-5, Washington DC (Nov) 

Radiation Research Society Annual Meeting, April 7-12, New 
Orleans (Nov) 

Ultrasound in Obstetrics and Gynecology, April 8-10, Ann Arbor, 
MI (Jan) 

Clinical Nuclear Medicine 1990, April 23-26, Cambridge, MA (Nov) 
International Symposium on Diagnostic Imaging, April 23-27, Bar- 
celona, Spain (Dec) 

Radiation Oncology Clinical Research Seminar, April 25-28, 
Gainesville, FL (Jan) 

American Association of Physicists in Medicine Spring Seminar, 
April 27-29, San Diego, CA (Dec) 

Congress of the European Federation of Societies for Ultrasound 
in Medicine and Biology, May 6-11, Jerusalem, Israel (May) 

Biliary Calculus Disease, May 7-9, Boston (Nov) 

Diagnostic Imaging in Musculo-Skeletal Radiology, May 10-11, 
Glasgow, Scotland (Dec) 

Cardiovascular and Interventional Radiology, May 13-18, Brus- 
sels, Belgium (Dec) 

27th Congress of the European Society of Paediatric Radiology, 
May 14-18, Munich, West Germany (Jan) 

Musculoskeletal MRI for Orthopedists and Radiologists, May 28- 
June 1, Sonesta Beach Hotel (Dec) 

Italian Society of Radiology and Nuclear Medicine, May 30-June 
3, Turin, Italy (Nov) 

American College of Medical Physics Annual Meeting, June 7-10, 
Austin, TX (Dec) 

Nuclear Medicine Technology Certification Examinations, June 23 
and Sept. 22; application deadlines, April 21 and July 21, respectively 
(Nov) 

International Course in Cardiovascular Interventional Radiology, 
July 11-13, Leeds, United Kingdom (Dec) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double-spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037-3218. 
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ANNUAL MEETING 
Washington, D. C. 


Sheraton Washington Hotel 
May 13-18, 1990 





Scientific Program (200 papers) 
Instructional Courses (00 hours) 
Categorical Course on Cardiovascular Imaging 
The Caldwell Lecture 
Award Papers 
Scientific Exhibits 
Social, Golf, and Tennis Programs 


Guest Programs 





Invitation to the 1990 American Roentgen Ray Society 
Meeting in Washington, DC, May 13-18, 1990 


| am pleased to extend an invitation to all radiologists to 
attend the 90th annual meeting of the American Roentgen 
Ray Society in Washington, DC, May 13-18, 1990. In keep- 
ing with the ARRS tradition, outstanding scientific and social 
programs will be provided. 

The excitement of a meeting set in Washington, DC, re- 
quires ne further description. The opportunity for busy radio- 
logists to attend a major national meeting while enjoying all 
that Washington, DC, has to offer is ideal. 

The scientific program, instructional courses, and categori- 
cal course are certain to be interesting and informative (see 
schedule below). 


Scientific Program 


Two hundred scientific papers have been selected from 
more than 400 abstracts. Scientific sessions will be devoted 
to all major body systems, angiography, interventional tech- 
niques, sonography, and mammography, as well as technolo- 
gies. Special emphasis has been placed on discussion of new 
developments. 


Summary of 1990 American Roentgen Ray Society Meeting 


The innovative and extremely well-received Friday morning 
minisymposium is entitled “Musculoskeletal Radiology Up- 
date 1990.” An outstanding faculty has been assembled for 
what | am sure will be a very stimulating program. 


Instructional Courses 


Joseph T. Ferrucci, Chairman of the Instructional Course 
Committee, has put together 60 instructional courses. Fac- 
ulty members have been drawn from across the entire coun- 
try. A superlative educational experience is anticipated, and 
advance registration is recommended. 


Categorical Course 


An extraordinary categorical course on cardiovascular- 
interventional radiology has been fashioned. The course cov- 
ers all aspects of the field, including equipment and principles 
of diagnosis. This course is certain to be popular, and ad- 
vance registration is advised. 


Sunday Monday Tuesday Wednesday Thursday Friday 
May 13 May 14 May 15 May 16 May 17 May 18 
8-9:30 8-9:30 8-9:30 8-9:30 8-10 
Instructional Instructional Instructional Instructional Symposium: 
courses courses courses courses musculoskeletal 
imaging update 
10-12:30 10-10:30 
Categorical course: Opening cere- 
cardiovascular- monies 
interventional 
radiology 
10:30-12:30 10-12:30 10-12:30 10-12:30 10:30-12:30 
Scientific programs Scientific programs Scientific programs Scientific programs Symposium: 
musculoskeletal 
imaging update 
2-3 1:30-3:15 1:30-3:30 1:30-3:30 1:30-3:30 
Categorical course: Categorical course: Scientific programs Caldwell lecture and Scientific programs 
cardiovascular- cardiovascular- award session 
interventional interventional 
radiology radiology 
3:30-5 3:45-5:15 4-5:45 4-5:30 4-5:45 
Categorical course: Instructional Instructional Instructional Instructional 


cardiovascular- 


courses and cate- 


courses and cate- 


interventional gorical course: gorical course: 

radiology cardiovascular- cardiovascular 
interventional interventional 
radiology radiology 


courses and cate- 
gorical course: 
cardiovascular- 
interventional 
radiology 


courses and cate- 
gorical course: 
cardiovascular- 
interventional 
radiology 
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Scientific Exhibits 


The 220 scientific exhibits coordinated by John Madewell 
will cover the entire breadth of the field of diagnostic radiol- 
ogy. The technical exhibits will be integrated among the sci- 
entific exhibits to enhance the interaction of the attendees 
with our technical exhibitors. 


Caldwell Lecture 


U.S. Supreme Court Justice Sandra Day O'Connor has 
agreed to present the Caldwell Lecture at the 1989 meeting. 
The title of Justice O'Connor's presentation will be “Our Fed- 
eral Courts.” This promises to be one of the highlights of the 
meeting. 
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Social Events 


Washington, DC, offers an unlimited number of diversions, 
and Abner M. Landry, Jr., Chairman of the Annual Meeting 
Committee, has engaged a Washington DC-based tour con- 
sultant to plan a variety of outstanding tours. The annual golf 
and tennis tournaments for attendees and their companions 
are scheduled for Monday. The traditional cocktail party 
given by the society in the exhibit area for all registrants will 
be Tuesday evening and will provide a convenient meeting 
place before an evening on the town. 

This promises to be a truly outstanding event in excep- 
tional surroundings. | hope you will be able to accept our 
invitation. Plan now to attend. 

M. Paul Capp 
President-Elect, ARRS 





1990 ARRS Meeting Summary, May 13-18, 1990 
Washington, DC 


A comprehensive description of the meeting, including the instruc- 
tional courses, categorical course, and the Friday symposium, ap- 
pears in this issue of the AJR. A special loose insert on the meeting 
also accompanies this issue. Meeting and registration forms will be 
found in the February and March issues. These may be photocopied. 


Accreditation 


All courses and scientific sessions carry AMA Category 1 credit on 
an hour-for-heur basis. 


Meeting Format 


Scientific Program. Sessions will be grouped in parallel sessions 
so that registrants may choose topics related to their interests. A 
total of 189 scientific papers will be presented, Monday-Thursday, 
May 14-17. In addition, on Wednesday, May 16, the afternoon ses- 
sion will feature award papers and the Caldwell Lecture, which will 
be delivered by U.S. Supreme Court Justice Sandra Day O'Connor. 
(Special Note: Companions and spouses of registered meeting at- 
tendees are welcome to attend the Caldwell Lecture oresented by 
Justice O'Connor.) On Friday, May 18, there will be & special 4-hr 
symposium, Current Topics in Musculoskeletal Imaging. 

Categorical Course in Cardiovascular-interventional Radiology. 
This 15.5-hr course will be Sunday-Thursday. 

Luncheon Sessions. Registrants may enroll in special luncheon 
sessions, Monday-Thursday. A box lunch will be provided. 


Exhibits 


Scientific and Technical Exhibits and Case of the Day Presenta- 
tions will be presented in the exhibit hall of the Sheraton Washington 
Hotel, Monday-Thursday, May 14-17. The Case of the Day will be 
presented by Margaret Stull of Georgetown University Hospital, 
Washington, DC. 


Local Activities 


General Reception. Tuesday evening, May 15, for all registrants. 

Golf Tournament. Monday, May 14, Kenwood Country Club. 
Transportation leaves the hotel at 11 a.m.; shotgun start is at 12:30 
p.m. 

Men's and Women's Tennis Tournaments. Monday, May 14, at the 
Kenwood Country Club. 

Local Tours. See February issue of the AJR for a description of the 
activities and registration forms. 


Meeting Registration 


Preregistration will be accepted until April 27. There will be on-site 
registration. Official badges and program books will be available at 
the registration desk, Sheraton Washington Hotel. No confirmations 
will be mailed. 


Course Registration 


Register early—enrollment is limited. List first, second, and third 
choices for each period. Also, indicate whether you wish to take the 
categorical course. Deadline for registration by mail is April 27. All 
ticket orders will be filled according to postmarked cate. Course 
tickets will not be mailed. Tickets will be available on and after Sun- 
day, May 13 (after 1 p.m.), at the ARRS registration desk in the 
Sheraton Washington Hotel. There will be on-site registration for 
courses not already filled. 


Hotel Registration 


Reservations are handled by the ARRS Housing Bureau, Sheraton 
Washington Hotel, Attn: Reservations Office, 2660 Woodley Rd., 
Washington, DC 20008. These must be received by April 13. Make 
check payable to Sheraton Washington Hotel. See reservation form 
in February AJA for prices and complete instructions. 


Fees 
Meeting: 
ARRS members and resident members........... .. No fee 
Nonmembers ............................... $250 
Nonmember physicians in training (with verification) . . . 25 
Categorical course (all who attend)... ............. 75 
Luncheon sessions/each ....................... 12 
GOW TOUMBEINGNE o sb pbb oh ew nk oda ow ees 75 
Tennis tournaments ..........................2.. 50 
RG TOS, os. db 5rd ate ales Bey ew & GB wd od a we 20-75 


Cancellations and Fee Refunds (Excluding Hotel Fees) 


Fees will be refunded only if cancellation is received by April 27. 
Send to American Roentgen Ray Society, 1891 Preston White Drive. 
Reston, VA 22091. 


Transportation Discounts 


United Airlines is offering discounts, up to 40%, on airfares. Call 
(800) 521-4041 and mention ARRS account number 0053D. 

Hertz Rent A Car is offering special rates on car rentals. Call (800) 
772-3773 and mention that you are attending the American 
Roentgen Ray Society annual meeting. 
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1990 American Roentgen Ray Society Instructional 


Courses and Symposium 


Joseph T. Ferrucci, Director 


Sixty Instructional Courses will be presented during the 
90th annual meeting of the American Roentgen Ray Society 
(ARRS) beginning Monday, May 14, and continuing through 
Thursday, May 17. Each of the Instructional Courses listed 
on the next page will be 90 min long. In addition, there will be 
a week-long Categorical Course in Cardiovascular-Interven- 
tional Radiology and a half-day Symposium, Current Topics 
in Musculoskeletal Imaging. 

The Categorical Course in Cardiovascular-Interventional 
Radiology will have 15.5 hr of instruction and will begin on 
Sunday, May 13, and conclude on Thursday, May 17. The 
Symposium, Current Topics in Musculoskeletal Imaging, will 
be on Friday, May 18, from 8 a.m. to 12 noon. All courses 
carry Category 1 credit on an hour-to-hour basis. 


Registration Information 


To register for courses, complete the meeting registration 
form in this section and mail promptly. Tickets also will be 
available at the Instruction Course Registration Desk, Shera- 
ton Washington Hotel for courses that have not been sold 
out. All courses will take place in the headquarters’ hotel. 

After reviewing the course list, select three for each morning 
and afternoon session. Write the course number and name 
of the first instructor on the registration form. Please note 
that the -01 residents’-masters’ tutorials are intended primar- 
ily for residents and that attendance will be limited. 

All who register for the Categorical Course in Cardiovas- 
cular-Interventional Radiology (including ARRS members) 
must pay a fee of $75 and must take the entire series of 
classes. The Categorical Course totals 15.5 hr of instruction 
and includes a syllabus. 


Course Schedule 


Sunday, May 13, through Thursday, May 17 


The Categorical Course in Cardiovascular-Interventional 
Radiology will have 15.5 hr of instruction over 5 days. Topics 
and instructors are listed on p. 440. 


Monday, May 14, through Friday, May 18 


A total of 60 courses will be offered (see next page) plus a 


r 2el Phe clialaans 


Symposium: Current Topics in Musculoskeletal Imaging 
Friday, May 18, 1990, 8:00 a.m. to 12:00 p.m. 


Time Topic (Presenter) 
8:00 a.m. Controversies in the evaluation of osteo- 
porosis (Rosenthal D) 
8:30 a.m. The role of MRI in the evaluation of mus- 
culoskeletal neoplasms (Braunstein E) 
9:00 a.m. Imaging of spinal trauma (Daffner R) 
9:30 a.m. The role of MRI in shoulder imaging 
(Brahme S) 
10:00 a.m. The elbow (Pitt MJ) 
10:30 a.m. MRI of the knee (Dalinka M) 
11:00 a.m. The role of MRI in hip imaging (Bassett L) 
11:30 a.m. Imaging of the foot and ankle with em- 


phasis on MRI (Kricun ME) 


Es 
Note.—There is no fee for this symposium. However, to facilitate planning, 
please register on the meeting registration form. 















ACR Luncheon Presentations on Socio- 
economics of Radiology 






A series of luncheon presentations on the socioeconom- 
ics of radiology will be arranged by the American College 
of Radiology (ACR). A box lunch will be provided. The 
presentations do not conflict with other elements of the 
program. Advance registration is required. Cost per ses- 
sion is $12. 


Date, Topic, Speaker 





Monday, May 14: Status and Update on RVS, James M. 
Moorefield, M.D. 

Tuesday, May 15: Standard Setting Update, Jerome H. 
Shapiro, M.D. 

Wednesday, May 16: Contrast Media, Mark M. Mishkin, 
M.D. 

Thursday, May 17: Governmental Issues, Otha W. Linton 
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Topic 


Residents '-mas- 
ters’ tutorial: up- 
close & personal 

Obstetrics/gynecol- 


ogy 


Chest 


Gastrointestinal 


Radiologic prac- 
tice/miscella- 
neous 

Neuroradiology 


Pediatrics/nuclear 
medicine 


Genitourinary 


Thorax/abdomen | 


Musculoskeletal 


Head and neck 


New technology 
Breast 
Magnetic reso- 


nance imaging 


Thorax/abdomen II 


ARRS INSTRUCTIONAL COURSES AND SYMPOSIUM 


Monday 


101. GI radiology: simplify, 
multiply. Carlson HC 


102. Update on the placenta. 
Sanders R 


103. Practical approach to in- 
tensive care radiology. 
Spim PW, Goodman L 

104. CT-pathologic correla- 
tions: pancreatitis, liver tu- 
mors. Gedgaudas-McClees 
RK, Ros PR 

105. Pointers on scientific 
manuscript preparation. 
Berk RN, Levene M, Hilton 
S, Spiller KL 

106. Gadolinium enhanced 
MRI of the brain and spine. 
Hasso AN 

107. Nuclear cardiology in 
clinical practice. Thrall JH 


108. Imaging renal infections. 
McClennan BL 


109. Duplex and color flow 
Doppler of the abdomen, 
pelvis, and extremities. 
Merritt CB 


110. The analytic approach to 
the film (an imaging disci- 
pline). Edeiken J, Jacobson 
HG 


111. MRI of the head and 
neck. Lufkin RB, Jabour B 

112. Biliary lithotripsy. Fer- 
rucci JT, Burhenne HJ 


113. How to evaluate the 
success of a mammogra- 
phy practice. Sickles EA 

114. MRI of the spine. Ram- 
sey RG 


115. Ultrafast CT scanning. 
Sheedy P 


American Roentgen Ray Society Instructional Courses: May 14-May 17, 1990 


Tuesday 


Wednesday 


Mcrning (all sessions being at 8:00 a.m.) 


201. Perspectives on obstet- 
rical sonography. 
Leopold G 

202. Fetal measurements for 
estimating age and 
growth. Hadlock FP 


203. Lung tumor staging. 
Pugatch R 


204. Colon cancer detection. 
Gelfand D, Laufer | 


205. The battle over “turf”: 
who has it and how to get 
it. Hillman B 


206. AIDS related CNS dis- 
ease. Davis DO 


207. Imaging of childhood in- 
fection. Woods BP 


208. CT and MRI of the kid- 
ney and adrenal. New- 
house J, Amis S 

209. CT and US guided biop- 
sies: practical approaches, 
pitfalls, and new tech- 
niques. Charboneau JW, 
Reading C 

210. Imaging the acutely in- 
jured cervical spine. Harris 
JH, Swischuk LE 


301. Neuroradiology: Present 
Status of MR vs CT. Taveras 
JM 

302. Transvaginal sonography in 
obstetrics and gynecology. 
Fleischer AC, Rao B, Kepple 
DM 

303. Pulmonary infections and 
their complications. Choplin 
RH 

304. Radiologic pathologic cor- 
relations: gallbladder, intes- 
tinal tumors. Lichtenstein J, 
Olmsted W 

305. Functional aspects of the 
radiology department. Jan- 
ower ML 


306. Craniocerebral trauma. 
Kieffer SA, Cacayorin ED 


307. Brain SPECT imaging. Hol- 
man L 
308. Low osmolar contrast 


agents. Mishkin MM, Wolf G 


309. CT of the acute abdomen. 
Stanley RJ, Wittenberg J 


310. Criteria for diagnosis of 
bone tumors. Norman A 


Aftemoon (all sessions begin at 4:00 p.m.) 





211. Endocrine imaging— 
update. Doppman J 

212. Percutaneous laser an- 
gioplasty. McCowan T, 
Cregg A, Ferris EJ 

213. Screening mammogra- 
phy. McLelland R 


214. MRI of the male and fe- 
mae pelvis. Fritzsche PJ, 
McCarthy S 

215. interventional thoracic 
radiology. Barth KH, West- 
cot? JL 


311. Imaging of the sinonasal 
cavities. Som P 

312. Computer assisted 3-D im- 
aging: state of the art. Fish- 
man EK, Ney FG 

313. Screen-film mammogra- 
phy: equipment, technique 
and interpretation. Feig SA 

314. MRI contrast agents. Saini 
S, Hahn PF 


315. Biliary calculus disease: in- 
terventional management. 
Mueller PR, Teplick SL 
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Thursday 


401. The hip as a mirror of pe- 
diatric bone disease. Poz- 
nanski AK 

402. Second and third trimes- 
ter fetal anomalies. Kurtz A 


403. Advances in thoracic ra- 
diology: high resolution CT 
and MRI. McLoud TC 

404. Current approaches to 
biliary tract disease. 
Zeman R 


405. The future of digital za- 
Ciology: technical & clinical 
considerations. Ovitt TW, 
Hunter T 

406. CT of the spine. Helms 
CA 


407. Pediatric abdominal 
trauma: current concepts. 
Kushner DC, Kuhn J, 
Taylor G 

408. CT/MRI of the retroperi- 
toneum. Lee JKT, Heiken J 


409. Imaging in thoracoat- 
dominal trauma. Mirvis SE, 
Foley WD 


410. Arthropathies: radiologic 
pathologic correlations. 
Madewell JE 


411. MR of the joints, including 
temporomandibular. Harms S 

412. PET scanning. Hubner 
KF, Besozzi MC, Buono- 
core E 

413. Analyzing the mammo- 
gram. Kopans DB 


414. Practical aspects of MR 
image interpretation. Sterk 
DD, Bradley WG 

415. Imaging of swallowing 
disorders. Jones B 


Categorical Course in Cardiovascular and Interventional Radiology 


American Roentgen Ray Society 90th Annual Meeting 


May 13-18, 1990, Sheraton Washington Hotel, Washington, DC 


Course Director, William J. Casarella, M.D. 
Course Co-Director, Charles B. Higgins, M.D. 


Sunday, May 13 


10:00-10:30 Basic Physical Principles of MRI in the Cardiovascular System (Sprawls) 
10:30-11:00 MRI of the Great Vessels (Dinsmore) 
11:00-11:30 MRI of Pericardium, Cardiac Masses, and Cardiomyopathy (Baron) 
11:30-12:00 MRI of Congenital Heart Disease (Gomes) 
12:00-12:30 MRI of Ischemic Heart Disease (Pettigrew) 
12:30-2:00 Lunch Break 
2:00-2:30 MRI of Valvular Disease (Higgins) 
2:30-3:00 MR Angiography (Edelman) 
3:00-3:30 Coffee Break 
3:30-4:30 An Overview of Cardiac Ultrasound: Its Strengths and Weaknesses (Jaffe) 
4:30-5:00 Physical Principles of Doppler Ultrasound (Kremkau) 
Monday, May 14 
1:30-2:30 Doppler Ultrasound in the Carotid and Peripheral Circulation (Merritt) 
2:30-3:15 Ultrasound of Intracranial Circulation (Ackerman) 
3:15-3:45 Coffee Break 
3:45-4:30 PET Cardiac Imaging: Radiopharmaceuticals, Technique, and Results (Schelbert) 
4:30-5:15 Doppler Ultrasound Studies of the Abdominal Vessels and Viscera (Nelson) 


Tuesday, May 15 


3:45-4:30 SPECT Cardiac Imaging: Radiopharmaceuticals, Technique, and Results (DePuey) 
4:30-5:15 Ultrasound of Peripheral Venous Disease (Dorfman) 
5:15-5:45 Peripheral Vascular Studies in Nuclear Medicine (Ziffer) 
Wednesday, May 16 
3:45-4:45 Overview of Current Status of Percutaneous Transluminal Angioplasty of Peripheral Vessels 
(Schwarten) 
4:45-5:30 Renal Angioplasty (Sos) 
Thursday, May 17 
3:45-4:15 Intravascular Stents (Palmaz) 
4:15-5:00 Intravascular Lasers: What's Good and What Isn't (van Breda) 


5:00-5:45 Embolotherapy: Current Trends and Future Prospects (White) 
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1990 ARRS Meeting: Local Activities and Tennis and Golf 


Tournaments 


The 90th annual meeting of the American Roentgen Ray 
Society (ARRS) in Washington, DC, will feature activities for 
members, nonmembers, spouses, and friends. Joseph P. 
Mock heads the Local Arrangements Committee and has 
planned the local programs. The tennis tournament will be 
arranged and supervised by Richard D. Newman; the golf 
tournament will be arranged and supervised by Dr. Mock. To 
register for these events, please complete the registration 
form in this issue. 


Golf Tournament 


The annual golf tournament will be held at the Kenwood 
Country Club on Monday, May 14. Buses will leave the 
Sheraton Washington Hotel at 11 a.m. and will return by 6 
p.m. There will be a buffet lunch at 11:30 a.m. and a shotgun 
Start at 12:30 p.m. Participants must bring their own golf 
clubs and shoes. The pro shop and clubhouse will be open, 
and there will be a bar. The fee for the golf tournament is $75 
and includes transportation, luncheon, greens fees, and 
prizes. 


Men’s and Women’s Tennis Tournaments 


The annual Men’s and Women's Tennis Tournaments will 
be held at the Kenwood Country Club on Monday, May 14, 
from 11:30 a.m. to 4:30 p.m. Please register early so arrange- 
ments can be made to accommodate all who wish to play. 
Appropriate dress is required. The fee of $50 includes lunch- 
eon, court fees, balls, prizes, and transportation. Buses leave 
the hotel at 11 a.m. 


Local Program 


Reservations for the social program are limited. To avoid 
disappointment, send in the reservation form immediately. 
Reservations will be filled in the order in which they are 
received. Because guarantees are required for all events, 
reservations must be received by April 27, 1990. Tickets for 
all events will be included in the registration packet. Prices 
for these events include transportation; meals where indi- 
cated; escorts and guides; and all entrance fees, taxes, and 
gratuities. Prices do not include alcoholic beverages with 
meals unless indicated. On Sunday, May 13, from 2 to 5 p.m., 


and on Monday, May 14, from 8 to 11 a.m., remaining tickets 
for events will be sold at the meeting registration desk. These 
tickets may be sold at a slightly higher cost. Refunds are 
available if the ARRS office in Reston, VA, receives a written 
cancellation request by April 27, 1990. No cancellations will 
be accepted by telephone. ARRS reserves the right to cancel 
an event if registration is insufficient. In that case, refunds will 
be issued. 


Sunday, May 13 


A National Tribute, 1-5 p.m. The majestic gravesite of 
many of our nation’s heroes, Arlington National Cemetery, 
provides a solemn yet inspirational tour. This imposing land- 
mark is a tribute to the men and women who serve our 
country during times of war. Stops at the Tomb of the 
Unknown Soldier and Arlington House will make your visit a 
day to remember. You will also visit the Air and Space 
Museum, the most popular of all the museums that make up 
the Smithsonian Institution. This museum is a fabulous tribute 
to the history of flight. Suspended high over the entrance hall 
hangs the Spirit of St. Louis, the plane used by Charles 
Lindbergh to make his transatlantic flight, while 20 feet away 
hangs Apollo 11, the spacecraft used to carry men to the 
moon 42 years later. Transportation to and from the hotel by 
luxury motor coach. Fee: $22.00. 


Monuments by Moonlight Champagne Tour, 8-10:30 
p.m. What better way to experience Washington than a 
leisurely tour by moonlight, complemented by an offering of 
champagne and desserts? A tuxedo-clad waiter will pass you 
delectable desserts to nibble and champagne to sip as you 
are transported by luxury motor coach past the Capitol, 
Supreme Court, White House, Washington Monument. gal- 
leries, theaters, museums, and the infamous Watergate com- 
plex, while a tour guide provides interesting historical back- 
ground and insights about our nation’s capitol. The evening 
also allows for special stops at the grounds of the Lincoln, 
Jefferson, and Vietnam memorials. Enjoy this special chance 
to see the nation’s capitol in a different light. Fee: $32.00. 


Monday, May 14 


Capitol Hill Tour, 9:30 a.m.-4 p.m. Board a luxury motor 
coach to tour some of the most significant landmarks on 
Capitol Hill. Your first stop is the Capitol Building, the most 
symbolic building of our government. Your guide will conduct 
you through areas of the building not seen on the public tour, 
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as well as through the Rotunda and Statuary Hall. The next 
stop will be the Supreme Court building, the seat of our 
judicial system. This beautiful building is constructed entirely 
of marble, with enormous sculpted bronze doors, each weigh- 
ing more than six tons. After leaving the Supreme Court, we 
will lunch at the private Capitol Hill Club, whose membership 
is composed of senators, congressmen, cabinet officers, and 
lobbyists. Our final stop after lunch will be the Library of 
Congress, which ranks as one of the great libraries of the 
world. Among the treasures you will see is one of only three 
remaining perfect Gutenberg Bibles printed on vellum. Fee: 
$49, lunch included. 


Youth Program: A Child’s Eye View of the Nation’s 
Capitol, 9:30 a.m. to 4 p.m. This program is planned for 
children 12 years old and up. Experienced tour guides will 
take your children to some of the more interesting spots in 
Washington and leave you free to take the Capitol Hill Tour 
or explore the city by yourself. The first stop on this tour is 
the Bureau of Printing and Engraving, where they will be able 
to observe the entire operation of producing U.S. currency. 
Next, they will visit the Museum of Natural History, which 
contains dinosaur skeletons, a 92-foot model of a whale, a 
living coral reef, and even an insect zoo. They will then 
continue to the National Zoo, where they will be served lunch 
picnic style, and then meander through the exhibit areas, 
which mimic the animals’ habitats wherever possible. Among 
other animals, they will see Ling Ling and Hsing Hsing, the 
two giant pandas that were gifts from the People’s Republic 
of China. The final stop on this tour is Theodore Roosevelt 
Island, a unique natural sanctuary within the environment of 
the nation’s capital. Two and a half miles of foot trails wind 
around the island, allowing good hiking and first-hand obser- 
vation of bird and animal life. Fee: $42, lunch included. 


Shopping Safari, 9 a.m. to 2:30 p.m. Experience the 
joy of shopping in Washington's newest and most luxurious 
mall. The Galleria at Tysons Il is exquisitely elegant, anchored 
by Saks Fifth Avenue, Macy's, and Neiman Marcus and 
complemented with 150 superb boutiques. Located in an area 
touted as “the new Beverly Hills,” this light and airy mall is at 
least a $40 round-trip taxi ride from your hotel—without 
any VIP treatment at all! You, however, will be given VIP 
treatment to make your shopping expedition a pampering, 
unhassling experience. Your uniformed guide will present you 
with your personal shopping tote stocked with discount cou- 
pons and special gifts from the major department stores. 
Upon arrival at the mall, you will be greated with complimen- 
tary coffee and Danish at Saks Fifth Avenue Club. Your guide 
will be pleased to assist you with any special arrangements, 
including scheduling free-of-charge personal shoppers at the 
department stores. Your motor coach will be available to 
shuttle you to nearby Tysons |, where you will find Nord- 
stroms, Bloomingdales, and hundreds of other stores. You 
will experience shopping as it was meant to be! Fee: $28. 


Tuesday, May 15 


George Washington’s Washington, 8:30 a.m.-5:30 p.m. 
Begin your day with a visit to Arlington National Cemetery, 
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originally the home of the wife of Robert E. Lee, and now the 
most famous of our national cemeteries. Visit the tomb of the 
Unknown Soldier, which houses the burial sites of soldiers 
from World Wars | and li, Korea, and Vietnam. Next take a 
riding tour of the historic city of Alexandria, which was 
founded in 1749. It still has more original houses than Wil- 
liamsburg, architectural gems which survived the American 
Revolution, the War of 1812, and the Civil War. Make a brief 
stop at Christ Church, built in 1773, and then lunch at Gads- 
by’s Tavern, George Washington's favorite inn. After lunch, 
take a pleasant ride to Mt. Vernon, the estate of our first 
president, located high atop a hill overlooking the Potomac 
River. You will visit the meticulously restored house as well 
as the beautiful grounds and outbuildings. All transportation 
by luxury motor coach. Fee: $50, lunch included. 


Orient Express, 1:30 p.m.-4:30 p.m. Visit the National 
Arboretum, which will be in full bloom in the month of May. 
Located on the outskirts of Washington, the park abounds 
with plants, trees, and shrubs from all over the world, including 
a stunning collection of 53 bonsai trees and six viewing 
stones, a bicentennial gift from the Nippon Bonsai Association 
of Japan. Next you will visit the Freer Gallery of Art, the 
smallest gem in the Smithsonian crown, which houses one of 
the foremost collections of Far and Near Eastern art in the 
United States, as well as the world’s largest collection of 
Whistler's paintings. Each tour will be conducted by a docent 
from the staff. Fee: $22. 


Youth Program: Evening at a Dinner Theater, 5:30-10 
p.m. Your children will enjoy an evening of dinner and enter- 
tainment so that you can go off on your own. Planned for 
children 12 years old and up, the evening will consist of dinner 
and entertainment at one of the area’s several dinner theaters. 
Your children will enjoy a delicious buffet dinner, followed by 
a lively musical performance. We will choose a program 
suitable for general audiences. Fee: $48, buffet included. 
Transportation to and from the hotel by luxury motor coach, 
with tour guides included. 


Wednesday, May 16 


Secrets of a White House Chef, 10-11:30 a.m. From the 
files of White House chef Henry Haller come state secrets— 
favorite recipes of the last five Presidents and their families. 
Chef Haller has compiled over 250 recipes in his cookbook, 
which outlines what the First Families like to eat and how 
they entertain. He will share some of his recipes, as well as 
some memorable moments from his days in the White House. 
After his presentation, he will answer questions and auto- 
graph his book for guests, if desired. Fee: $25.00. White 
House Family Cookbook may be purchased directly from 
Henry Haller for $25. 


Thursday, May 17 


Georgetown Homes and Gardens, 10 a.m.-3:30 p.m. 
Travel by luxury motor coach for a tour of Georgetown, a 
section of Washington that has maintained its individuality 
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since its days as a tobacco port in the late 1700s. Today, 
row houses of Georgian and Federal architecture stand side 
by side with huge Victorian mansions. You will visit three 
private homes, which represent the special qualities of this 
historic area. After lunch in a charming restaurant in George- 
town, you will visit Dumbarton Oaks Gardens, 16 acres of 
formal gardens with a strong accent on design, containing 
reflecting pools, winding paths, and broad terraces. You will 
return to the hotel via luxury motor coach. Fee: $50, including 
lunch. 


Friday, May 18 


Doll Museum, DAR Museum and National Press Club, 
10 a.m.-2:30 p.m. Travel by luxury motor coach to the 
Washington Dolls’ House and Toy Museum, which houses a 
fascinating and carefully researched collection of antique 
dolls’ houses, dolls, toys, and games, mostly from the Victo- 
rian era. Next, travel to the DAR Museum, headquarters of 
the Daughters of the American Revolution. One of the little- 
known gems of Washington, the museum consists of 34 
period rooms that illustrate American artistry and craftsman- 
ship. A docent from the museum will conduct your tour. 


Transportation Discounts 


ARRS MEETING: LOCAL ACTIVITIES 443 


Finally, you will travel to the National Press Club, where you 
will have lunch in one of the private dining rooms. Since its 
founding, the National Press Club has hosted legions of the 
famous—presidents, politicians, and princes—while doubling 
as a dining spot and neighborhood bar for eight decades of 
journalists. Return to the hotel via luxury motor coach. Fee: 
$45, including lunch. 


Colonial Annapolis, 9 a.m.-5 p.m. Travel by luxury motor 
coach to Annapolis, the capital city of Maryland, which has 
been called the most perfect example of a colonial city existing 
in America today. Experienced guides will conduct a walking 
tour of the narrow shaded streets of the colonial area, where 
many of the buildings date from the late 18th century. You 
will visit the United States Naval Academy, where, weather 
permitting, you will view the Noon Formation of midshipmen. 
You will also visit St. John’s College, founded in 1625, where 
you will see the famous “Liberty Tree,” under which the treaty 
of peace with the Indians was said to be signed in 1652. After 
lunch at one of the lovely inns in the city, there will be time to 
browse through some of the shops and stroll down to the 
waterfront, with its magnificent yachts and colorful sailboats. 
Comfortable walking shoes are recommended. Fee: $60, 
lunch included. 


United Airlines is offering special airfares to the 1990 ARRS meeting for travel to and 
from Washington, DC, between May 7 and 21 inclusive. To obtain a 5% discount from 
any United available/applicable fare (MaxSavers and first class included) or a 40% 
discount off standard coach fares, telephone (toll-free) 1-800-521-4041 between the 
hours of 8:00 a.m. and 11:00 p.m. EST and immediately reference special ARRS account 
number 0053D. For travel to and from Canada, United will offer published Canadian 
meeting fares in selected markets. This discount can be as much as 35% off normal 
coach fares. No discounts are permitted from Mexico, the Bahamas, or the Orient. In 
addition, ARRS attendees who fly on United (as outlined above) will be eligible for a 
special drawing. The prize is one complimentary round-trip ticket good for travel in the 
continental United States before December 31, 1990 (holiday periods excluded). 

Hertz Rental car service also can be arranged at discounted rates by calling the United 


Airlines reservations at 1-800-521-4041. 





American Roentgen Ray Society: 
Officers, Committees, and Membership Information 





Officers 

President Ronald G. Evens 
President-elect: M. Paul Capp 

1st Vice-president: John A. Kirkpatrick, Jr. 
2nd Vice-president: A. Everette James, Jr. 
Secretary: Glen W. Hartman 

Treasurer: Beverly P. Wood 


Executive Council: R. J. Alfidl, R. N. Berk, B. G. Brogdon, 
M. P. Capp, W. J. Casarella, R. G. Evens, J. T. Ferrucci, Jr., 
R. A. Gagliardi, G. W. Hartman, J. A. Kirkpatrick, Jr., A. 
Landry, Jr., G. R. Leopold, J. E. Madewell, A. A. Moss, L. F. 
Rogers, J. H. Thrall, K. H. Vydareny, B. P. Wood, A. K. 
Poznanski, chairman 


Committees 


Editorial Policy: R. N. Berk, M. M. Figley, S. V. Hilton, M. S. 
Huckman, C. A. Rohrmann, Jr., S. S. Sagel, R. J. Stanley, N. 
O. Whitey, W. J. Casarella, chairman 


Education and Research: C. B. Higgins, B. J. Hillman, R. A. 
McLeod, W. M. Thompson, B. G. Brogdon, chairman 


Finance and Budget: R. J. Alfidi, R. C. Gedgaudas-McClees, 
G. R. Leopold, J. R. Thombury, J. Thrall, chairman 


Nominating: R. A. Gagliardi, N. O. Whitley, R. J. Alfidi, chair- 
man 


Publications: C. A. Rohrmann, Jr., S. S. Sagel, R. J. Stanley, 
N. O. Whitley, W. J. Casarella, chairman 


Mombership: R. J. Alfidi, A. A. Moss, K. H. Vydareny, G. R. 
Leopold, chairman 


Representatives to Other Organizations 


American Board of Radiology: J. A. Kirkpatrick, Jr., E. C. 
Klatte, L. F. Rogers 


American College of Radiology: R. A. Gagliardi, G. A. Kling, 
J. E. Madewall, L. F. Rogers 


American Medical Association House of Delegates: S. F. 
Ochsner, K. L. Krabbenhoft, alternate 


American National Standards Institute: M. Haskin 


National Council on Radiation Protection and Mea- 
surements: H. L. Friedell, E. L. Saenger 


Meeting Arrangements 


Annual Meetings: May 13-18, 1990, Sheraton Washington, 
Washington, DC; May 5-10, 1991, Sheraton Boston, Boston 


Annual Meeting Committee: H. C. Carlson, J. K. Crowe, G. 
P. Janetos, R. R. Lukin, A. Landry, Jr., chairman 


Instruction Courses: R. J. Stanley, associate chairman, J. T. 
Ferrucci, Jr., chairman 


Scientific Program: R. J. Alfidi, E. Buonocore, D. O. Davis, 
K. B. Hunter, T. C. McLoud, W. A. Murphy, Jr., A. E. Robin- 
son, L. B. Tainer, J. H. Thrall, M. P. Capp, chairman 


Scientific Exhibits: R. J. Churchill, A. A. Moss, R. G. Ramsey, 
J. E. Madewell, chairman 


ARRS Membership 


An application form is printed In this issue of the Journal. 
For consideration at the 1990 ARRS meeting, send completed 
forms before February 1, 1990, to American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091. Active 
members are graduates of an approved medical or osteo- 
pathic school or hold an advanced degree in an allied science. 
They must practice radiology or work in an associated science 
In the United States or Canada and be certified by the Amer- 
ican Board of Radiology, American Osteopathic Board of 
Radiology, or Royal College of Physicians of Canada or 
otherwise adequately document training and credentials. Cor- 
responding members are foreign radiologists or scientists who 
are active in radiology or an allled science. Members-in- 
training are residents or fellows in radiology or postgraduate 
students In an allied science. Additional application forms can 
be obtained from the ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091; (703) 
648-8900 


May Be Photocopied 


Deadline: April 27 


Meeting and Local Activities Registration Form: 


ARRS 90th Annual Meeting 
May 13-18, 1990, Washington, DC 


If you plan to attend, please complete this form. Official badges and program booklets will be available at the 
ARRS Registration Desk, Sheraton Washington Hotel. There will be no confirmations before the meeting. 


Preregistration by mail will be accepted until April 27. On-site registration will be available. 


Make all checks payable to: American Roentgen Ray Society 


Mail to: American Roentgen Ray Society 
1891 Preston White Drive 
Reston, VA 22091 


Please type or print: 











Registrant 

Last Name First Name or Initials 
Street 

City State ZIP Code 


Accompanying Guest 











Name (Accompanying person's name to be printed on badge) 
Street 
City State ZIP Code 


Section on Instruction 


Please register early for Instructional Course 


Check those desired: 


O Member ARRS 

Q Nonmember 

O Physician in training 
(please fill where indi- 
cated below) 


Registra- 
tion fee: 


None 
$250 


$25 


O Course faculty, presenter of 
scientific paper, scientific 


exhibitor (circle one) 


O ACR luncheon course, 
Monday, May 14 


O ACR luncheon course, 
Tuesday, May 15 


O ACR luncheon course, 


Wednesday, May 16 . . 


O] ACR luncheon course, 
Thursday, May 17 

Q0 Categorical course on 
vascular-interventional 
radiology 


None 


$12 


$12 


cardio- 


O Social program (see next 


page)... 
Total enclosed 


Morning 


Afternoon 








Courses. Attendance is limited. List first, sec- Choices 
ond, and third chaices for each day by course 

number. Ticket orders are filled according to Saka 

postmark. ARRS members, nonmembers, 

and those in radiology training may take all Monday 

courses without charge except the categori- 

cal course. For the categorical course, all 


dents and nonmembers must pay the 


Eg 


1st 2nd 3rd 1st 2nd 3rd 
courses must complete this section. Resi- 


meeting registration fee also. iiaii OL | ft ff 


Course tickets will be available at the ARRS 

Registration Desk at the Sheraton Washing- Thursday 

ton Hotel on and after Saturday, May 12, at 

1 p.m. ; 
Complete section at right for courses other Friday —— Check if you wish to attend the musculoskeletal symposium (only 
than the categorical course. Be sure to fill course offered this day). 


out second and third choices for each day. 
For Physicians in Training: 


Training Program Director 


Institution 
(OVER) 


is in training in my department. 


Date 





Local Activities 


No refunds after April 27 









































Sunday, May 13, 1-5 p.m., A National Tribute tickets @ $22 $ 
Sunday, May 13, 8-10:30 p.m., Monuments by Moonlight 
Champagne Tour tickets @ $32 $ 
Monday, May 14, 9:30 a.m.-4 p.m., Capitol Hill Tour ____tickets @ $49 $ 
* Monday, May 14, 9:30 a.m.-4 p.m., The Nation’s Capitol tickets @ $42 , E ae ee eee 
Monday, May 14, 9 a.m.-2:30 p.m., Shopping Safari tickets @ $28 $ 
Tuesday, May 15, 8:30 a.m.-5:30 p.m., George Washington’s 
Washington tickets @ $50 $ 
Tuesday, May 15, 1:30-4:30 p.m., Orient Express tickets @ $22 $ 
*Tuesday, May 15, 5:30-10 p.m., Evening at a Dinner 
Theatre tickets @ $48 $ 
Wednesday, May 16, 10-11:30 a.m., Secrets of a White 
House Chef tickets @ $25 $ 
Thursday, May 17, 10 a.m.-3:30 p.m., Georgetown Homes 
and Gardens tickets @ $50 $ 
Friday, May 18, 10 a.m.-2:30 p.m., Doll Museum, DAR 
Museum, National Press Club tickets @ $45 $ 
Friday, May 18, 9 a.m.-5 p.m., Colonial Annapolis — tickets @ $60 $ 


Preregistration is required. 


* Tour designed for children 12 years old and older. 
Annual ARRS Golf Tournament, Monday, May 14 


The tournament will be at the Kenwood Country Club, Washington, DC. Transportation, luncheon, greens fee, cart, and prizes are included in the $75 fee. 
Preregistration is important. 





Name: Telephone: 





Address: __————SSSSSSSSSEEEEESEEEEE I rrvr'vrvrvrers  —e—rvrvrh 


Hotel: Handicap (if any) 








My foursome includes (list handicaps): ma 8) 


tickets @ $75 $ 





Men’s and Women’s Tennis Tournaments, Monday, May 14 


The tournaments will be at the Kenwood Country Club, Washington, DC. Tennis attire is required. Fee of $50 includes transportation, luncheon, court fees, and 
balls. 


Telephone 








tickets @ $50 $ 


May Be Photocopied 


Deadline: April 13 


Hotel Registration Form: ARRS 90th Annual Meeting 
May 13-18, 1990, Sheraton Washington Hotel 


Washington, DC 


Mail to: 


ARRS Housing Bureau 

Sheraton Washington Hotel 

Attention: Reservations Office 

2660 Woodley Rd. at Connecticut Ave., N.W. 
Washington, DC 20008 


(PLEASE MAKE CHECKS PAYABLE TO THE SHERATON WASHINGTON HOTEL—NOT TO THE ARRS) 


Individual guest name 

Address 

City & State 

Arrival date/time 

Individual requesting reservation 
Address 


City & State 


ZIP 


Departure date/time 


ZIP 


Please forward with your reservation a deposit of one night’s room rate to be applied to the last night of your scheduled stay, or provide 
credit card information to guarantee your reservation. The hotel accepts American Express, Diners Club, Carte Blanche, Visa, and Master 
Card credit cards. The deposit will hold your room until 6 a.m. of the morning following your scheduled arrival date. In the event of an early 
departure, the deposit is nonrefundable unless the hotel is notified prior to or at the time of check-in. Cancellation notice of 14 days is required 


for a deposit refund. 


Check accommodations desired 


epee ee ee o Se ee ee ee eS 


Room Category Rate 
Singles 
a aiT EN bs o's a he Xe we Eee Hes i $135 
E T oie as wy donee ihe eh %. alee aad ae abd E $148 
ar re: E EETAS ORO — $156-176 
Doubles 
CO a eaae RRS EERIE ee RORY dS a $160 
EMI cut has EE T ah eae eds a WA —_ $172 
EE ne a iii ied woe S58 Ce eS ke eee he E — $180-201 
ft-bodoom GUNG «oc ks ce bce eR RR ORES — $260-360 
D-hedroom SuItG. 6... becca dee ewe eee wen — $320-450 


rerum Ree aS ee et ee ee 
Deposit amount (1 night's rate) $ 
L) Check enclosed 


O Credit card: 


Type of card Exp. date 


Card number 


Signature 


important Information: 

1. Reservations must be received by the Sheraton Washington 
Hotel/ARRS Housing Bureau no later than April 13 to be assured 
of written confirmed accommodation. Reservations after that time 
are subject to availability. We urge you to make your reservations 
promptly. 

2. Written confirmation of your reservation will be sent to you by the 
hotel. 

3. To change or cancel reservations, please call the hotel directly at 
(202) 328-2000. 

4. If you plan to share a room, please send in only one housing form. 
Be sure to list all names of occupants of rooms. Assignment is 
delayed until complete information is received. 

5. Check-in is after 3 p.m., or earlier if the room is available. Check- 
out time is 1 p.m. 

6. Parking is available at the hotel. 
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Information and Application for Membership in the 
American Roentgen Ray Society 


General Information 


The American Roentgen Ray Society, founded in 1900, has been a forum for progress in radiology since shortly after the discovery of x-rays. 
From its beginning and continuing to today, the ARRS has been guided by dedication to the goal of the advancement of medicine through the 
science of radiology and its allied sciences. 


The goal of the ARRS is maintained through an annual scientific and educational meeting, and through publication of the American Journal of 
Roentgenology. 


The annual meeting consists of instructional courses, scientific sessions, a symposium, scientific exhibits, and commercial exhibits. A special 
categorical course is also offered. Category | CME credits are available on an hour-for-hour basis. 


The monthly American Journal of Roentgenology is a highly respected peer review journal with a worldwide subscription base. For over 75 
years the AJR has been accepted as one of the best specialty journals available in the world, and this reputation grows each month. 


A recently developed quarterly ARRS newsletter keeps members informed of events and general Society news. 


Application Instructions 
Candidates for Active Membership 


1. An Active member must be a graduate of an approved medical school or hold an advanced degree in one of the physical, chemical or 
biological sciences and be certified by the American Board of Radiology, the American Osteopathic Board of Radiology, the Royal College 
of Physicians of Canada, or document training and credentials that are adequate to qualify for membership. Active members shall actively 
practice radiology or one of its branches in the United States or Canada. Such members are eligible to participate in all activities of the 
Society, including membership on committees, and have full voting privileges. 


2. Application must be on an official form, signed by the applicant and at least two members of the American Roentgen Ray Society, active or 
emeritus, in good standing, who endorse the applicant. 


3. Application fee is $50 (payable when billed for dues). 


4. Annual dues are $125, payable on January 1 of each year following the initial year. First year dues will be invoiced following candidate 
election at the annual meeting. Of this amount, $50 is for a 1-year subscription to the American Journal of Roentgenology, beginning with 
the July issue following election to membership. 


5. Application must be received by February 1 for action during the current year’s meeting. 


Candidates for In-Training Membership 


1. In-training members must be serving in a radiology residency program approved by the Radiology Residency Review Committee, the 
American Osteopathic Board of Radiology, or the Royal College of Physicians of Canada, or in an approved post-residency fellowship, or 
be a postgraduate student in an allied science. Training status must be verified by the program director. In-training members have special 
consideration in fees and subscription rates to the Society journal. Such members cannot hold Society offices or vote. 


2. Application must be on an official form and signed by the applicant and by the applicant's training or residency program director. 


3. In-training status is limited to a maximum of five years starting with the entrance date into the radiology residency. In the last year, each in- 
training member will receive an application for active membership from the Society. Those who do not apply for transfer to active membership 
shall be dropped from membership at the end of the fifth year, but can later apply as a new member through the process outlined for active 
Status. 


4. There is no application fee. Annual dues are $25. Membership includes a subscription to the American Journal of Roentgenology and 
admission to the annual meeting without payment of the registration fee. 


5. Membership applications will be acted on when received. 


Corresponding Membership 


A corresponding member must meet the qualifications of active membership, but reside and practice in a foreign country. Corresponding 
members shall pay dues and fees, but shall not have the privileges of voting nor of holding elective office. 


All Applicants 
1. Do not remit application fee or dues until requested. 
2. Send completed forms to: American Roentgen Ray Society 


1891 Preston White Drive 
Reston, Virginia 22091 


For ARRS 


Office Use AMERICAN ROENTGEN RAY SOCIETY 
Date Recid mca APPLICATION FOR MEMBERSHIP 


|.D.# 








2. O AE AS Category of Membership: O Active 
(Check One) O Corresponding 
O In-Training 
Name (Please Print) n-nar r a O Degree(s) 
First Initial Last 
Mailing Address ie eee ne G Bh 
Street/Box 
Telephone ( ) 
City/State/Country Zip Code 


Sa ia aig aa a 
A. Education: (List name of institution, years attended, and degree and type received.) 


Undergraduate: 


ne ee a ee ee e 
Sic i cy i is ce ga A N N 
Graduate (Medical School, Graduate School, etc.): 
ee ee ee a SCE ee ae eS a ee ee ee E E 
Se i cat a a a ci E 
Postgraduate (Internship, Residency, Fellowship, etc.): 
ar E EEEE OE EA N AAEE et ee ee EEE Oe T 


aaa 





ee E EEIE a EA S EA AE A eee 
B. Licensure: 


Licensed to practice ——— ig ~ë since 
(Type) (State, Province, etc.) 


"AAEE E AE EEAO E AAE AA E E E 
C. Appointments/Memberships: (In-Training applicants: skip to Section F on reverse.) 


Present Appointments: Academic 


——— ee ees aoe 


——e>QrQwrrrrrroroo— 


Hospitals 


ror eee 


——————————— 


Memberships in Scientific Societies: 


—_—_e—e—e—e———— eee eee 


—— aeaaea 


Offices or Committee Assignments: 


— eee 


alaala UULU 


Government Service (Military or Civilian) 
(Position) (Years) 


eee 
Continued on Reverse Side 





D. Credentials: 


| hereby certify that | was issued a certificate of qualification in À 
(Specialty) 


a D G 
(Year) (Name of Qualifying Board) 


Other Credentials: 


Signature: 





E. References: 


We, active or emeritus members in good standing of the American Roentgen Ray Society, and acquainted with tł 
applicant, do recommend him/her for membership in the Society. (Two references are required.) 


Name (Please Print) 1. e.. m m mmm È 


Address 


Signatures: 


F. IN-TRAINING APPLICANTS MUST COMPLETE THIS SECTION 
Credentials: 

| certify that | am serving as a Resident/Fellow in 

iSpecialty) 


ato 22 ~ Date program an ins): 
(Name of Institution) pene pogan pens) 


date program to end: sé urndorsttarnd that in-training membership is limited tc 


maximum of 5 years. 


Applicant Signature: 
Verification: (Program Director or Department Chairman only) 


i certify that the applicant is in training at the institution named and qualifies for enrollment as a member-in-trainir 
of the American Roentgen Ray Society. 


Name (Piease Print) 


Address: 


Signature 


Send completed form to: American Roentgen Ray Society 
1891 Preston White Drive 


Reston, Virginia 22091 


Classified Advertisements 


Positions Available 


RADIOLOGIST—Growing practice in Annapolis, 
MD, seeks a board-certified radiologist for office- 
based practice affiliated with statewide multispe- 
cialty group. Duties include sonography (Acuson), 
fluoroscopy, mammography, and plain films. No 
night call or weekends. Very competitive salary 
and benefits package. Annapolis is a major sail- 
ing center and is near numerous other recrea- 
tional and cultural activities. Please send inquiries 
and CV to Patuxent Medical Group, Inc., 2 Knoll 
N. Dr., Ste. 401, Columbia, MD 21045, Attn: Physi- 
cian Recruiter. 2ap 


DIAGNOSTIC RADIOLOGY—Resident position, 
4th yr, available July 1990. Fully accredited, Col- 
umbia University College of Physicians & Sur- 
geons major teaching affiliate. All diagnostic 
modalities including MRI. Send CV to Joseph 
d’Oronzio, Ph.D., Dept. of Medical Education, 
Overlook Hospital, 99 Beauvoir Ave. at Sylvan 
Rd., Summit, NJ 07901. 2a 


DIAGNOSTIC RADIOLOGIST WANTED JULY 
1990—Progressive, expanding, 320-bed, acute- 
care hospital with all imaging modalities. Ability 
in diagnostic, vascular, and sectional imaging, 
obstetric and vascular ultrasound. Competitive 
salary and benefits leading to partnership. Grow- 
ing community. Good schools and cultural facili- 
ties. Easy access to Pacific Coast, Sierra Nevada 
mountains, national parks, San Francisco, and 
Los Angeles. Address inquiries to D. N. Shuster, 
M.D., St. Agnes Hospital, 1303 E. Herndon, 
Fresno, CA 93710. 2-3ap 


NEURORADIOLOGIST—UMDNJ, NJ Medical 
School, is seeking a full-time neuroradiologist. 
The service function will be combined % time at 
University Hospital (518 beds) and 1⁄4 time at the 
East Orange VA Hospital (700 beds). Two GE CT 
scanners, 1.5-T GE Signa MRI, and Philips digital 
angiography at University Hospital. Two other 
neuroradiologists in the section. Teaching and 
resident (16 residents) review required. Future will 
include medical office complex. Respond to Gail 
Eliot, M.D., Acting Chairperson, Dept. of Radi- 
ology, University of Medicine and Dentistry, 150 
Bergen St., Newark, NJ 07103; (201) 456-5188. An 
equal opportunity employer. 2—4ap 


ABDOMINAL IMAGER—The University of Wash- 
ington, Dept. of Radiology, has an opening for 2 
academically oriented radiologists in the area of 
abdominal imaging including CT, ultrasound, and 
MRI. The positions will also involve interventional 
radiology including biopsies and abscess drain- 
age. Responsibilities include instructing medical 
students and residents and conducting research. 
Applicants must possess board certification in 
radiology plus 1 yr related fellowship or clinical 
experience in radiology postresidency. Send let- 
ter and resume to Albert A. Moss, M.D., Professor 
and Chairman, Dept. of Radiology, SB-05, Univer- 
sity of Washington, Seattle, WA 98195. The Uni- 
versity of Washington is an equal opportunity 
employer. 2a 


NYU MEDICAL CENTER, RADIOLOGY DEPT.— 
Faculty position available for a Director of Ultra- 
sound, and junior faculty positions available in 
ultrasound and in bone and joint radiology. Con- 
tact Norman E. Chase, M.D., Professor and Chair- 
man, Dept. of Radiology, NYU Medical Center, 
550 First Ave., New York, NY 10016. An equal op- 
portunity affirmative action employer. 2—4ap 


BC RADIOLOGIST—General radiology, ultra- 
sound, CT, nuclear medicine, and angiography. 
Affluent community. Percentage of revenue, plus 
$150,000 and benefits, first yr. Good personality 
and desire to build practice essential. Reply to D. 
Fischer, M.D., 1301 McCallie Ave., Chattanooga, 
TN 37404; (615) 622-7212. 2-3ap 


ANGIOGRAPHER/INTERVENTIONAL RADI- 
OLOGIST—The Dept. of Radiology at the Univer- 
sity of Washington is seeking 2 board-certified 
radiologists to join the Section of Angiography 
and Interventional Radiology. The dept. has 
recently undergone major expansion with new 
facilities at the University Hospital, Harborview 
Medical Center, and the Veteran's Administration 
Hospital. State-of-the-art angiographic capabilities 
exist at all locations in a newly developed Imag- 
ing Research Center. Salary is commensurate 
with rank, based on the established level of the 
University of Washington School of Medicine. 
Submit CV to Albert A. Moss, M.D., Professor and 
Chairman, Dept. of Radiology, SB-05, University 
of Washington, Seattle, WA 98195. The Universi- 
ty of Washington is an affirmative action employer 
and encourages applications from women and 
minorities. 2a 


PEDIATRIC RADIOLOGY STAFF POSITION— 
Children’s Hospital and Medical Center (CHMC), 
University of Washington School of Medicine, 
Seattle, WA, has an opening for a faculty diag- 
nostic radiologist. Applicants must have com- 
pleted at least 1 yr of pediatric radiology fellowship 
beyond a standard residency or be able to show 
evidence of considerable experience in this sub- 
specialty. Board certification and Washington 
licensure will be required. Preference is given to 
applicants with competence in children’s special 
and interventional procedures, neuroradiology, 
and MRI. CHMC is a modern, 207-bed medical 
center, which is located less than 2 mi. from the 
University of Washington and serves as its main 
pediatric teaching unit. The medical staff is com- 
posed of a mixture of community and faculty at- 
tending physicians, with fellows and residents in 
virtually all specialties. The Dept. of Radiology 
performs approximately 35,000 radiography- 
fluoroscopy, 4000 CT, 3000 ultrasound, and 2000 
nuclear medicine exams annually. The 4000 
newborn studies at University Hospital are also 
our responsibility. Technical staffing is at a high 
level and the imaging equipment is up-to-date. 
MRI is available at University Hospital and was 
installed at CHMC in 1989. Coverage is provided 
by 7 full-time radiologists, 1-2 fellows, and 3 resi- 
dents. The successful applicant will be appointed 
and compensated at the level of assistant pro- 
fessor or higher. Income and fringe benefits are 
competitive with other Pacific Coast academic 
centers. Four wk vacation and up to 4 wk educa- 
tion time, including meeting travel expenses, are 
provided. CHMC and the UW are equal oppor- 
tunity employers. Inquire for additional details to 
C. Benjamin Graham, M.D., Professor and Direc- 
tor, CHMC Radiology, P. O. Box C5371, Seattle, 
WA 98°05; (206) 526-2134 (afternoons are best). 
2a 


DENVER, CO—The Dept. of Radiology at the 
University of Colorado Health Sciences Center in 
conjunction with the Denver VA Medical Center 
invites applications for faculty positions at the 
VAMC. Available opportunities include the Chief 
of the Imaging Service and diagnostic radiolo- 
gists. Positions require interest in general 
diagnostic radiology, but those with special expe- 
rience n nuclear medicine, interventional radi- 
ology, and neuroradiology are encouraged to 
apply. The 401-bed Denver VA Medical Center has 
a recently renovated 20,000 sq. ft. Imaging Ser- 
vice and is closely affiliated with the University 
of Colorado. All diagnostic modalities except MR 
are represented. Interested candidates should 
contact Michael L. Manco-Johnson, M.D., Pro- 
fessor and Chairman, University of Colorado 
Health Sciences Center, Dept. of Radiology, Box 
C277, 4200 E. 9th Ave., Denver, CO 80262: 
(303) 270-7719. UCHSC and VAMC are affirmative 
action/equal opportunity employers. 2a 


POSITION AVAILABLE IMMEDIATELY FOR A 
GENERAL DIAGNOSTIC RADIOLOGIST, with 
training or experience in vascular/interventional 
radiology, to complete staffing for he new VA 
Medical Center in Minneapolis, MN. Dept. in- 
cludes MRI, CT, cyclotron with PET scanner, in- 
terventional vascular suite, neurorad ology suite, 
mammography, color-flow Doppler ultrasonog- 
raphy, plus more. Affiliated with the University of 
Minnesota with non-tenure-track appointment 
available at appropriate level. Research and 
teaching opportunities available. Boerd certifica- 
tion mandatory. One yr fellowship training or 
equivalent experience in interventional radiology 
desirable. Send letters of inquiry with CV to 
Donovan B. Reinke, M.D., Chief of Diagnostic 
Radiology Service — 114, VA Medical Center, 
One Veterans Dr., Minneapolis, MN 55417: 
(612) 725-2038. EOE. 2a 


ATLANTA, GA—Rare opportunity to join 3-mem- 
ber group based in small, rapidly growing, 5-yr- 
old hospital and new outpatient facility. This 
tremendously exciting practice is located in the 
most affluent and family oriented suburb of Atlan- 
ta, within 30 min. of both downtown and beautiful 
lake resort area. All members of the group are 
proficient in all modalities, including MRI. Com- 
petitive salary and benefits leading to partnership. 
Send CV to Stephen Bruno, M.D., 2215 Roxburgh 
Dr., Roswell, GA 30076. 2-3ap 


BC/BE DIAGNOSTIC RADIOLOGIST to run an 
outpatient diagnostic facility. All-around experi- 
ence in noninvasive fluoroscopic procedures, 
mammography, and ultrasound in northeast Ohio 
suburb, close to a major city. Excellent com- 
petitive salary. Please write to Box X3, AJR (see 
address this section). 2ap 


DIAGNOSTIC RADIOLOGIST—Opening for 
board-certified radiologist to join a young, 
dynamic, 6-person radiology group near Gettys- 
burg, PA, approximately 90 min from downtown 
Washington, DC. Modalities include special pro- 
cedures, CT, MRI, nuclear medicine with SPECT, 
and mammography. Two community-based hos- 
pitals with several outpatient imaging facilities. 
Hospital campus also includes close affiliation 
with a Johns Hopkins University-sporsored can- 
cer treatment center. Competitive salary and 
benefits leading to partnership opportu rity. Rapid- 
ly growing community, ideally situated not far from 
the Baltimore-Washington area, between Pitts- 
burgh and Philadelphia. Outstanding skiing, fish- 
ing, hunting, and boating in the region including 
the Chesapeake Bay. Position available July 1, 
1990. Please submit CV along with rames and 
addresses of 3 references to Robert S. Pyatt, 
M.D., Dept. of Radiology and Diagnostic Imaging, 
The Chambersburg Hospital, 112 N. Saventh St., 
Chambersburg, PA 17201; (717) 267-7181. 2-4ap 


THE MALLINCKRODT INSTITUTE OF RADI- 
OLOGY AT THE WASHINGTON UNIVERSITY 
SCHOOL OF MEDICINE announces a faculty 
position in the section of vascular and interven- 
tional radiology. The Mallinckrodt Institute of 
Radiology provides radiology services to Barnes 
Hospital and St. Louis Children’s Hospital, com- 
prising approximately 1300 beds. The vascular 
and interventional section is involved in all 
aspects of vascular and nonvascular interven- 
tional radiology. We currently perform approx- 
imately 5700 procedures/yr. A major remodeling 
effort is under way at the Institute. Th s includes 
4 new special procedure rooms. Excellent 
facilities are available for clinical and animal 
research. If you are interested in an academic 
position in a rapidly developing interventional sec- 
tion, please contact Daniel Picus, M.D., Chief, 
Vascular and Interventional Radiology, Mallinck- 
rodt Institute of Radiology, 510 S. Kingshighway 
Blvd., St. Louis, MO 63110; (314) 362-2900. 2-4a 
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AFFILIATE FACULTY POSITION—A major affil- 
iate hospital of the Dept. of Radiology at the Uni- 
versity of Minnesota has a full-time, probationary, 
non-tenure-track position available in the neuro- 
radiology/cardiovascular/interventional radiology 
section, at the rank of assistant professor or 
associate professor, beginning April 1, 1990. At 
the assistant professor level, minimum require- 
ments are board certification in radiology and a 
minimum of 1 yr postresidency specialty training 
or experience in interventional radiology. Appoint- 
ment at the rank of associate professor requires 
a minimum of 4 yr postresidency experience and 
a demonstrated record of research, publication, 
and teaching, in addition to other qualifications 
listed for assistant professor status. Responsibil- 
ities will include all facets of interventional 
radiology as well as graduate and undergraduate 
medical instruction. Research performance will 
be strongly encouraged and evaluated. Salary is 
negotiable and competitive, and is dependent on 
past scholarly productivity and post-M.D. experi- 
ence. Applicants must be licensed or able to ob- 
tain a license to practice medicine in the state of 
Minnesota before appointment date. Applications 
will be accepted through March 31, 1990. Send 
letters to Donovan B. Reinke, M.D., Chief of 
Diagnostic Radiology Service, #114, Veterans Ad- 
ministration Medical Center, One Veterans Dr., 
Minneapolis, MN 55417. The University of Min- 
nesota is an equal opportunity educator and 
employer, and specifically invites and encourages 
applications from women and minorities. 2a 


THE UNIVERSITY OF LOUISVILLE, DEPT. OF 
DIAGNOSTIC RADIOLOGY is seeking applica- 
tions from BC/BE diagnostic radiologists to fill full- 
time faculty positions in the following areas in its 
400-bed teaching hospital: (1) cross-sectional 
body imaging, (2) general radiology (GI, GU, 
bone, chest). Candidates must be willing to parti- 
cipate in undergraduate and graduate teaching, 
and in research activities in their respective areas. 
These are fine opportunities in a growing and 
busy dept. with excellent equipment. Both tenure 
and non-tenure track appointments are available, 
and academic rank will be commensurate with 
training and experience. Compensation negoti- 
able and competitive. Louisville continues to be 
ranked as one of the top 10 places to live in 
America by Rand McNally. Send inquiries with CV 
and three references to Hollis A. Thomas, M.D., 
Professor and Chairman, Dept. of Diagnostic 
Radiology, Humana Hospital-University of Louis- 
ville, 530 S. Jackson St., Louisville, KY 40202. An 
equal opportunity/affirmative action employer. 
2-3a 

GENERAL RADIOLOGIST—221-bed, affiliated, 
GM&S VA Medical Center in the Black Hills is 
searching for a board-certified or eligible radiolo- 
gist to join our staff. Located in the southwestern 
Black Hills with excellent schools, both summer 
and winter recreational activities, no crime, and 
no state income tax. An excellent benefit package 
includes liberal vacation and sick leave, federal 
retirement/social security, health and life in- 
surance programs, and malpractice insurance. 
Call or write Chief of Staff, VA Medical Center, Hot 
Springs, SD 57747; (605) 745-2049. 2-4a 


S.E. GEORGIA—Immediate position available for 
a board-certified/eligible diagnostic radiologist to 
join a 2-person staff covering 4 hospitals and a 
diagnostic imaging center located in Vidalia, GA. 
Excellent benefits package, opportunity for part- 
nership, as well as starting salary of $100,000+. 
Skills must include general diagnostics, ultra- 
sound, nuclear medicine, mammography, CT, and 
special procedures. Send letters of inquiry along 
with CV and letters of reference to Director, 
Regional Diagnostics, P. O. Box 147, Vidalia, GA 
30474. 2xa 


CLASSIFIED ADVERTISEMENTS 


UNIVERSITY OF MEDICINE & DENTISTRY OF 
NJ, NJ MEDICAL SCHOOL is seeking two sec- 
tion chiefs. Section chief in GI radiology requires 
fellowship training in GI radiology or current expe- 
rience in GI section of an academic radiology 
dept. Section chief in GU radiology requires fel- 
lowship training in GU radiology or current expe- 
rience in GU section of an academic radiology 
dept. Section chiefs will have full clinical respon- 
sibility for all imaging modalities relating to the 
subspecialty, training of residents in the section, 
and development of research goals for the sec- 
tion. Salaries are excellent. Supportive dept. with 
opportunity to explore and develop own interests. 
Excellent equipment. Send resume to Gail Eliot, 
M.D., Acting Chairman, NJMS Dept. of Radiology, 
University Hospital, 150 Bergen St., Newark, NJ 
07103; (201) 456-5188. 2-4ap 


DIAGNOSTIC RADIOLOGY—Progressive 4- 
member group in Sacramento, CA, seeks BC/BE 
radiologist. Should be familiar with all imaging 
modalities. Practice includes 220-bed hospital 
and outpatient office. Competitive salary leading 
to early partnership. Generous benefit package. 
Send CV to Fred L. Stargardter, M.D., American 
River Radiology Medical Group, Inc., 3637 Mis- 
sion Ave., #5, Carmichael, CA 95608. 2—4ap 


MAINE—General radiologist to join busy practice 
affiliated with modern, 92-bed, acute-care hospi- 
tal. Diagnostic modalities include ultrasound, 
mammography, angiography, nuclear medicine, and 
mobile CT. Beautiful 4-season recreation area close 
to skiing, hunting, and fishing. Excellent school 
system. Competitive first yr salary with partnership 
available by the second yr. Send CV to New England 
Health Search, 63 Forest Ave., Orono, ME 04473; 
(207) 866-5680 or (207) 866-5685. 1-3ap 


DIAGNOSTIC RADIOLOGIST WITH SPECIAL 
INTEREST IN ANGIOGRAPHY AND INTERVEN- 
TIONAL RADIOLOGY—The Dept. of Radiology at 
the University of Texas Medical School at Houston 
has an immediate opening at the Hermann Hos- 
pital, and an opening for July 1, 1990, at the 
Lyndon Baines Johnson General Hospital, for an 
experienced interventionist/angiographer with 
strong interest in patient care and teaching. 
Research interest and experience are important, 
but not essential. Although the principal respon- 
sibilities will be in intervention/angiography, there 
will be an opportunity to be involved in other 
clinical areas of the candidate's interest. The posi- 
tion will include teaching at the medical student 
and resident levels. Candidate must be a diplo- 
mate of the ABR and have completed at least a 
1-yr interventional/angiography fellowship, have 
a Texas state medical license, and have had at 
least 1 yr postfellowship experience. Candidates 
with the qualifications for a senior assistant pro- 
fessor or associate professor appointment are 
preferred. Academic rank will be commensurate 
with qualifications. Compensation will be based 
on the most recent AAMC survey and the candi- 
date’s qualifications and experience. Please sub- 
mit CV, along with the names and addresses of 
3 references, to John H. Harris, Jr., M.D., D. Sc., 
Professor and Chairman, Dept. of Radiology, The 
University of Texas Medical School at Houston, 
6431 Fannin, Ste. 2.132, Houston, TX 77030. The 
University of Texas Health Science Center at 
Houston is an equal opportunity employer. 
Women and minorities are encouraged to apply. 
1-6a 


SEATTLE AREA—Opening for a BC general 
diagnostic radiologist with basic angio and in- 
terventional skills. Washington license not re- 
quired. Teaching hospital, regular hours, limited 
call, and 5-yr contract. Call G. Bernstein, M.D.; 
(206) 840-9652. 1-3xa 


AJR:154, February 1990 


DIRECTOR OF CLINICAL MAGNETIC RESO- 
NANCE—The Dept. of Radiology at the Universi- 
ty cf Texas Medical School at Houston has an 
opening for a radiologist at the assistant, associ- 
ate, or full professor level, who will direct clinical 
activities, medical student and resident teaching, 
and clinical research in the university MRI center 
at Hermann Hospital. Candidate will be expected 
to conduct or direct clinical or basic research in 
MR leading to grant support. Candidates must 
have demonstrated experience in direction of a 
clinical MRI unit, teaching, research, writing, and 
obtaining grant support, and have a strong publi- 
cation background. Candidate must be board-cer- 
tified by the ABR and must have a Texas medical 
license. Compensation will be based on the most 
recent AAMC survey and candidate's qualifica- 
tions. Please forward a CV, and the names and 
addresses of 3 references, to John H. Harris, Jr., 
M.D., D. Sc., Professor and Chairman, Dept. of 
Radiology, The University of Texas Medical 
School at Houston, 6431 Fannin, Ste. 2.132, 
Houston, TX 77030. The University of Texas 
Health Science Center at Houston is an equal op- 
portunity employer and encourages women and 
minority candidates to apply. 1-6a 


ASSISTANT OR ASSOCIATE PROFESSOR OF 
NEURORADIOLOGY—The University of Texas 
Medical School at Houston has openings for 
neuroradiologists at the Lyndon Baines Johnson 
General Hospital and the Hermann Hospital to 
perform clinical neuroradiology and participate in 
resident and medical student teaching. Candi- 
dates must have completed an approved residency 
in diagnostic radiology and a 2-yr neuroradiology 
fellowship. Candidates must be board-certified by 
the ABR, or equivalent, and must have a Texas 
medical license. Compensation will be based on 
the most recent AAMC survey and the candidate's 
qualifications. Applicants should send a CV, along 
with the names and addresses of 3 references, 
to John H. Harris, Jr., M.D., D.Sc., Professor and 
Chairman, Dept. of Radiology, The University of 
Texas Medical School at Houston, 6431 Fannin 
St., Ste. 2.132, Houston, TX 77030. The Univer- 
sity of Texas Health Science Center at Houston 
is an equal opportunity employer and encourages 
women and minority candidates to apply. 1-6a 


ASSISTANT, ASSOCIATE, OR FULL PRO- 
FESSOR OF THORACIC RADIOLOGY—The Uni- 
versity of Texas Medical School at Houston has 
an opening for a thoracic radiologist to perform 
clinical thoracic radiology exams and procedures 
and participate in resident and medical student 
teaching. Candidates should have completed an 
approved residency in diagnostic radiology and 
must have postresidency experience or training 
in thoracic radiology. Candidates must be board- 
certified by the ABR, or equivalent, and must have 
a Texas medical license. Compensation will be 
based on the most recent AAMC survey and the 
candidate’s qualifications. Applicants should send 
a CV, along with the names and addresses of 3 
references, to John H. Harris, Jr., M.D., D.Sc., Pro- 
fessor and Chairman, Dept. of Radiology, The 
University of Texas Medical School at Houston, 
6431 Fannin St., Ste. 2.132, Houston, TX 77030. 
The University of Texas Health Science Center at 
Houston is an equal opportunity employer and en- 
courages women and minority candidates to ap- 
ply. 1-6a 


RADIOLOGIST—Immediate opening for a quali- 
fied, board-certified/eligible radiologist to work in 
an outpatient imaging center located 40 mi. north 
of El Paso, TX. Must have knowledge of general 
radiology and experience with ultrasound, CT, and 
nuclear medicine. Interested doctors should send 
CV to Sun View Imaging Services, P. O. Box 8624, 
Las Cruces, NM 88006. 1-3ap 


AJR:154, February 1990 


FACULTY POSITIONS AVAILABLE IN DIAG- 
NOSTIC RADIOLOGY—On July 1, 1990, the 
faculty of the University of Texas Medical School 
at Houston (UTMSH) will assume clinical practice, 
teaching, and research at the Lyndon Baines 
Johnson (LBJ) General Hospital, newly con- 
structed by the Harris County Hospital District, in 
Houston, TX. LBJ Genera! will be a principal 
medical student teaching affiliation of the 
UTMSH, is certified for 300 beds (with expansion 
Capabilities to approximately 500 beds) and is pro- 
jected to perform approximately 130,000 imaging 
procedures the first yr. The Dept. of Radiology at 
LBJ is fully equipped with new, state-of-the-art GE 
equipment, including a 9800 Quick CT scanner 
with 3-D software and an LU angiographic unit, 
and comparable routine, R&F, ultrasound, and 
nuclear equipment. Full-time UTMSH faculty 
positions exist for 5 associate professors and 10 
assistant professors with clinical, teaching, and 
research interests in all aspects of diagnostic im- 
aging. Residents who have just completed train- 
ing and are board-certified will be offered the rank 
of assistant professor at an annual salary of 
$90,000. Fellows who have completed training 
and are board-certified will be offered the rank of 
assistant professor at an annual salary of 
$100,000. These salaries may be increased 
depending on the candidate's education and ex- 
perience beyond either residency or fellowship, 
and in addition to base salary, total fringe benefits 
of approximately 20% of the base salary will be 
provided. Associate professor compensation will 
be based on the most recent AAMC survey and 
the candidate’s qualifications. Candidates must 
be diplomates of the ABR, or its equivalent, and 
must have a Texas medical license. Applicants are 
requested to send their CV to John H. Harris, Jr., 
M.D., D.Sc., Professor and Chairman, Dept. of 
Radiology, The University of Texas Medical 
School at Houston, 6431 Fannin St., Ste. 2.132, 
Houston, TX 77030. The University of Texas 
Health Science Center at Houston is an equal op- 
portunity employer. Women and minorities are en- 
couraged to apply. 1-6a 


ASSISTANT, ASSOCIATE, OR FULL PROFES- 
SOR OF DIAGNOSTIC RADIOLOGY—The 
University of Texas Medical School at Houston 
has an opening for a general diagnostic radiolo- 
gist to perform clinical radiologic exams and pro- 
cedures and to participate in resident and medical 
student teaching. Candidates should have com- 
pleted an approved residency in diagnostic 
radiology. Postresidency experience or training 
would be preferable, but not mandatory, at the 
assistant professor level. Candidates must be 
board-certified by the ABR, or equivalent, and 
must have a Texas medical license. Compensa- 
tion will be based on the most recent AAMC 
survey and the candidate’s qualifications. Ap- 
plicants should send a CV, along with the names 
and addresses of 3 references, to John H. Harris, 
Jr., M.D., D.Sc., Professor and Chairman, Dept. 
of Radiology, The University of Texas Medical 
School at Houston, 6431 Fannin St., Ste. 2.132, 
Houston, TX 77030. The University of Texas 
Health Science Center at Houston is an equal op- 
portunity employer and encourages women and 
minority candidates to apply. 1-6a 


IMMEDIATE OPENING, BC/BE RADIOLOGIST 
to join community hospital practice in western 
Pennsylvania approximately 45 mi. from Pitts- 
burgh. Nuclear medicine, CT, ultrasound, mam- 
mography, angiography (including DSA), and 
interventional. MR pending. Highly competitive 
salary and fringe benefits, partnership possible. 
Will accept locum tenens until filled. Contact 
James R. Lynch, Sr, M.D., Monsour Medical 
Center, 70 Lincoln Wy. E., Jeannette, PA 15644; 
(412) 527-1511 ext. 4402. 1-2ap 


CLASSIFIED ADVERTISEMENTS 


IMMEDIATE OPENING—Excellent opportunity to 
join 6-member radiology group in Johnstown, PA, 
located approximately 75 mi. from Pittsburgh in 
the Allegheny Mountains. Practice covers 2 hos- 
pitals and does approximately 100,000 pro- 
cedures/yr. Johnstown, recently selected as 
Pennsylvania's ‘‘community of the year,’ is noted 
for its low crime rate, scenic beauty, and high 
quality of life. Applicant should be competent in 
all phases of diagnostic radiology including MR, 
CT, ultrasound, nuclear medicine, and angio. Well- 
established group with good Clinical staff interac- 
tion. Excellent starting salary and benefits, with 
equal partnership to follow. If interested, please 
call and/or forward CV to Jon Abrahams, M.D., 
Conemaugh Valley Memorial Hospital, Dept. of 
Radiology, 1086 Franklin St., Johnstown, PA 
15905; (314) 533-9166. 1-3a 


HARTFORD, CT—Position available for board- 
certified radiologist to join an established group 
of 8. Practice includes hospital and 3 private of- 
fices, all fully equipped including CT. MRI and CT 
experience is required. Competitive starting 
salary and benefits. Please enclose CV with in- 
itial correspondence to Jeffrey Blau, M.D., 40 Hart 
St., New Britain, CT 06052; (203) 229-2059. 1-3ap 


DIAGNOSTIC RADIOLOGIST—BC/BE to join 2 
radiologists in 50-physician, multispecialty clinic. 
Fellowship in body imaging preferred. Practice in- 
cludes general radiography, CT, ultrasound, MRI, 
and film-screen mammography. Excellent first yr 
salary leading to partnership. Send CV to Michael 
D. Lavine. M.D., 333 Dixie Hwy., Chicago Heights, 
IL 60411. 1-3ap 


SITKA, ALASKA—Challenging diagnostic radi- 
ology practice, JCAHO-accredited Alaska Native 
Indian Health Service Hospital. Includes ultra- 
sound ard mammography. Close professional 
association with primary-care physicians. Re- 
quires acceptance in USPHS Commissioned 
Corps. Send inquiries, CV, and references to S. 
Carlson, M.D., Clinical Director, Mt. Edgecumbe 
Hospital, 222 Tongass Dr., Sitka, AK 99835; 
(907) 966-8310. 1-5ap 


DIAGNOSTIC RADIOLOGIST FOR FLORIDA 
GULF COAST—The University of South Florida 
(USF) Dept. of Radiology, is recruiting a board- 
certified general diagnostic radiologist. Previous 
subspecialty training or special interest in muscu- 
loskeletal radiology preferred. This is a combined 
appointment with the Tampa Veterans Hospital 
and the Dept. of Radiology, USF, at the assistant 
or associate professor level, dependent on prior 
credentials. Competitive salary and generous 
fringe benefits are derived from both institutions. 
The location is the beautiful west coast of Florida 
with ideal climate. The position involves clinical 
service, teaching of radiology residents, and 
research. Send letters of inquiry with CV to 
Michael Vermess, M.D., Professor of Radiology, 
Chief, Raciology Service, James A. Haley Veter- 
ans’ Hospital, 13000 Bruce B. Downs Blvd., Tam- 
pa, FL 33612. 1-2ap 


DIAGNOSTIC RADIOLOGIST—The University of 
Tennessee. Memphis/University Physicians Foun- 
dation has an opening for a radiologist at the in- 
structor or assistant professor level. Applicant 
must be board-certified/eligible in diagnostic 
radiology. Subspecialty interests are encouraged 
but not required. Blacks, women, handicapped, 
and other minorities are encouraged to apply. 
University of Tennessee, Memphis/University 
Physicians Foundation is an equal employment 
opportunity/affirmative action/Title IX/Section 504 
employer. Send CV to Barry Gerald, M.D., Chair- 
man, Dept. of Radiology, University of Tennessee, 
Memphis, 800 Madison Ave., Memphis, TN 38163. 
2xa 


45¢ 


MAMMOGRAPHER—Second mamrmographe 
sought to join busy, rapidly growing, private 
practice breast center and faculty of Cedars-Sinéz 
Medical Center Radiology Dept. Additional dutie 
include noninterventional, general radiology, an 
hospital teaching responsibilities for sesident: 
Superb opportunity for board-certified radiologis 
Please respond to R. James Brenrer, M.D 
Cedars-Sinai Radiology Dept., Ste. 541¢ 
8700 Beverly Blvd., Los Angeles, CA 9004£ 
(213) 855-3701. 1-3ap 


DIAGNOSTIC RADIOLOGY, PACIFIC NORTH 
WEST, MRI, CT, AND ULTRASOUND—Prc 
gressive group of 4 radiologists seek 
board-certified radiologist with subspecialty ir 
terest and expertise in MRI, CT, and ultrasounc 
Busy, dynamic practice in regional medical cente 
hospital, privately owned MRI center (present! 
mobile unit—planning for fixed site in sprin 
1990), plus private outpatient office. Located i 
beautiful recreation area in the inland Nerthwes 
World-class lakes for boating and sailing. E) 
cellent skiing, hunting, and fishing. Familh 
oriented environment 30 min from Spokane. Con 
petitive starting salary with full partnership in 
yr. Send CV to Richard Hehn, M.D., Radiolog 
Associates of North Idaho, 1104 Ironwood Dr 
Coeur d'Alene, ID 83814; (208) 667-0685. 1-3a 


ULTRASOUND RADIOLOGIST—The Universit 
of Tennessee, Memphis/University Physician 
Foundation has an opening for a radiologist i 
ultrasound at the instructor or assistant profess 
level. Applicant must be board-certified/eligib| 
in diagnostic radiology. Additional training in ultri 
sound is highly desirable and the applicart shoul 
be particularly conversant with obstetric ultri 
sonography. Blacks, women, handicapped, an 
other minorities are encouraged to apply. Th 
University of Tennessee, Memphis/Universil 
Physicians Foundation is an equal emp oyme! 
opportunity/affirmative action/Title IX/Section 5C 
employer. Send CV to Barry Gerald, M.D, Chai 
man, Dept. of Radiology, University of Tennesse 
Memphis, 800 Madison Ave., Memphis, TN 3816 
2xa 


PEDIATRIC RADIOLOGIST—The University | 
Tennessee, Memphis/University Physiciars Fou! 
dation has an opening for a pediatric radiologis 
Faculty rank of assistant or associate profess 
based on experience. Applicant must be boar 
certified/eligible in diagnostic radiology. At lea 
1 yr of postgraduate training in a recognized pri 
gram in pediatric radiology is required. Prima 
work sites will be LeBonheur Children’s Medic 
Center and St. Jude Children’s Research Hosp 
tal. Blacks, women, handicapped, and oth 
minorities are encouraged to apply. The Jnive 
sity of Tennessee, Memphis/University Physiciar 
Foundation is an equal employment oppo‘tunit 
affirmative action/Title IX/Section 504 employe 
Address inquiries to Barry Fletcher, M.D., Cha 
man, Diagnostic Imaging Dept., St. Jude Ch 
dren’s Research Hospital, 332 N. Lauderdal 
Memphis, TN 38101, or Robert A. Kaufmar, M.C 
Director, Dept. of Radiology, The University of Te 
nessee, Memphis/LeBonheur Children’s Medic 
Center, 800 Madison Ave., Memphis, TN 3816 
2xa 


IMMEDIATE OPENING for experi2nce 
radiologist-ultrasonographer to join the staff 
New York Medical College. Should have cor 
pleted fellowship training in ultrasound. Cardida 
must be board-certified and have current Ne 
York state license. Faculty appointment comme 
surate with background. Excellent salary ar 
fringe benefits. Please submit CV to Micrael 
Tenner, M.D., Professor and Chairman, Dept. 
Radiology, New York Medical College, Valhall 
NY 10595. 1-2a 


454 


ONCOLOGIC DIAGNOSTIC RADIOLOGISTS— 
The H. Lee Moffitt Cancer Center and Research 
Institute at the University of South Florida has 
faculty positions available for individuals with 
training or experience in oncologic radiology. This 
is an excellent opportunity to participate in all 
areas of oncologic imaging or to subspecialize 
depending on expertise. The positions include 
Clinical service, research, and teaching. Aca- 
demic rank is based on qualifications. Our facil- 
ity is a state-of-the-art complex; the compensation 
package is excellent. Interested candidates 
should contact Robert Clark, M.D, Dept. of Radi- 
ology, Moffitt Cancer Center, P. O. Box 280179, 
Tampa, FL 33682-0179. 12-2ap 


RADIOLOGIST, TYLER, TX—The University of 
Texas Health Center at Tyler, Dept. of Radiology, 
Tyler, TX, invites applications for a faculty posi- 
tion at the level of assistant or associate professor, 
to open July 1, 1990. Interest in teaching and/or 
research is desired but not required. Progressive, 
4-person dept. practices general radiology includ- 
ing interventional, with a total of 27,000 exams/yr. 
The University of Texas Health Center at Tyler, the 
State’s designated chest disease hospital, is 
located just outside of Tyler on a beautiful, 
600-acre campus amid the forests and lakes of 
East Texas. The dept. also supports a rapidly 
growing, dynamic research group located on 
Campus in a new, State-of-the-art research facil- 
ity. Year-round tennis, golf, and boating are 
available in addition to excellent schools. Com- 
petitive first-yr salary and an unsurpassed 
benefits package are offered. Send CV to J. R. 
Shepherd, M.D., University of Texas Health 
Center at Tyler, P. O. Box 2003, Tyler, TX 75710; 
(214) 877-7100. The University of Texas Health 
Center at Tyler is an affirmative action, equal op- 
portunity employer. Minorities are encouraged to 
apply. 12-5a 


GENERAL RADIOLOGIST needed July 1, 1990, 
or sooner to replace retiring member of 3-person 
group servicing a small but busy hospital in 
scenic area of western Pennsylvania; also own 
private outpatient office. Necessary skills: gen- 
eral, CT, ultrasound, mammography, and nuclear 
medicine. Generous salary with early advance- 
ment to partnership available. Contact Alan 
Stankiewicz, M.D., 623 Lang Ave., Patton, PA 
16668; (814) 674-8508. 12-5ap 


PART-TIME RADIOLOGIST, CENTRAL NEW 
JERSEY/BUCKS COUNTY, PA—Part-time open- 
ing for BC/BE diagnostic radiologist with 
postresidency experience preferred to join group 
of radiologists in 4 private offices and 3 general 
hospitals. Position would required facility with all 
facets of radiology except invasive procedures. 
Send letter and CV to L. Ratner, M.D., 838 W. 
State St., Trenton, NJ 08618. 12-2ap 


RADIOLOGISTS—Large radiology group wishes 
to add a neuroradiologist and a diagnostic 
radiologist, preferably with fellowship training. 
Practice is in a 625-bed general hospital in South- 
eastern Pennsylvania. Dept. is equipped with 
modern angiography, 2 CT scanners, and an MRI 
unit. Residency program. Job leading to full part- 
nership with competitive salary and benefits. Con- 
tact Heber E. Yeagley, M.D., Director, Dept. of 
Radiology, The Reading Hospital and Medical 
Center, Reading, PA 19603. 12—2ap 


NEURORADIOLOGIST—Excellent opportunity 
for BC neuroradiologist on southwest Florida Gulf 
Coast. Will run new 1.5-T GE MRI. Practice in- 
cludes 165-bed community hospital (GE 9800 
Quick CT, Philips angio unit with biplane DSA) 
and large, free-standing imaging center. Excellent 
financial incentives. Call and/or send CV to 
Joseph Witek, M.D., 1217 East Ave. S., Ste. 105, 
Sarasota, FL 34239; (813) 365-9150. 12-2ap 


CLASSIFIED ADVERTISEMENTS 


PEDIATRIC RADIOLOGY, THE JOHNS HOP- 
KINS HOSPITAL—The Dept. of Radiology has 
openings for an assistant professor and a fellow 
in the Division of Pediatric Radiology, beginning 
July 1990. The division performs approximately 
24,000 radiographic procedures per yr. We are 
also actively involved in ultrasound, CT, and MR 
imaging of children. Excellent teaching and 
research opportunities exist. Please contact John 
P. Dorst, M.D., George A. Taylor, M.D., or George 
P. Saba, M.D., Dept. of Radiology, The Johns 
Hopkins Hospital, 600 N. Wolfe St., Baltimore, MD 
21205; (301) 955-6141/955-7700. 1-2a 


DIAGNOSTIC RADIOLOGISTS—Vacancies exist 
at the VA Medical Center, Biloxi, MS, for board- 
certified/eligible diagnostic radiologists for 
radiology service. Biloxi VA Medical Center is an 
1130-bed hospital (240 beds are general medical 
and surgical) with an active radiology dept. Biloxi 
is located on the Mississippi Gulf Coast. The loca- 
tion has excellent weather, good schools, and 
abundant yr-round recreational and cultural acti- 
vities. For information, contact John L. Campbell, 
M.D., Chief, Radiology Service, VA Medical Cen- 
ter, Pass Rd., Biloxi, MS 39531; (601) 388-5541, 
ext. 5119. The VA is an equal opportunity 
employer. 2a 


NEURORADIOLOGISTS—The University of 
Texas, M.D. Anderson Cancer Center is seeking 
applications for full-time faculty positions within 
the Section of Neuroradiology/Head and Neck 
Radiology. Fellowship training with a strong 
emphasis in interventional neuroradiology is re- 
quired. The applicant will be responsible for 
research projects (including supervision of 
trainees) as well as clinical duties. Daily supervi- 
sion/instruction of residents, fellows, and medical 
students and participation in the lecture 
schedules are also required. The Dept. of 
Diagnostic Radiology enjoys state-of-the-art 
clinical equipment and a well-equipped research 
facility (the John S. Dunn Research Foundation 
Center for Radiological Sciences). Send CV to 
Gerald D. Dodd, M.D., Head, Division of Diag- 
nostic Imaging or Thomas S. Harle, M.D., Pro- 
fessor of Radiology, Dept. of Diagnostic 
Radiology, Box 57, 1515 Holcombe Blvd., 
Houston, TX 77030. An equal opportunity/affir- 
mative action employer. 12-2a 


NEURORADIOLOGY/MRI—Private MRI center 
seeks board-certified radiologist with MRI expe- 
rience to oversee and direct diagnostic center. Ex- 
cellent salary, complete benefit package, and 
excellent recreational activities in growing Fort 
Lauderdale community. Reply to Michael 
Abrahams, M.D., 6971 W. Sunrise Blvd., Planta- 
tion, FL 33317; (305) 792-1110. 12-2ap 


MINNEAPOLIS, MN—Practice opportunity for a 
board-certified radiologist with subspecialty inter- 
est in spine and/or musculoskeletal imaging. MR 
experience is required. Procedural skills are 
desirable, as there is a growing volume of invasive 
spine and orthopedic procedures. Practice is 
based at a rapidly growing, privately owned, free- 
standing outpatient imaging center equipped with 
GE 9800 Quick and 8800 CT scanners, 2 GE 
Signa 1.5-T MR scanners, and related fluoro- 
scopic-radiographic and ultrasound equipment. 
Practice also includes coverage of a 750-bed, 
tertiary-care medical center. Three radiologists in 
practice currently. One distant MR facility oper- 
ating and plans for more. Investment oppor- 
tunities for radiologists involved in the practice as 
well as academic orientation and opportunity for 
subspecialization. Excellent benefits. Send CV 
and responses to Kurt P. Schellhas, M.D., Center 
for Diagnostic Imaging, 5775 Wayzata Blvd., Ste. 
190, Minneapolis, MN 55416. No telephone calls 
please. All inquiries confidential. 12-2ap 
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MR! RADIOLOGIST NEEDED—A position will be 
available July 1, 1990, at Good Samaritan 
Regional Medical Center in Phoenix, AZ. The 
hospital is a 750-bed, tertiary-care facility offer- 
ing the most up-to-date radiology services. The 
radiology group is seeking to add a new associate 
who is board-certified and has at least 1 yrof MR 
fellowship training. Responsibilities primarily in- 
clude body MR interpretation. The hospital will 
have 2 high-strength magnets and there also will 
be a midstrength magnet at a satellite office. The 
position offers an academic-style practice with the 
benefits of a private radiology group. A competi- 
tive salary and benefits are offered leading to part- 
nership. Please contact Ted Ditchek, M.D., or 
Aubrey Palestrant, M.D.; (602) 239-4601. 1-4ap 


RADIOLOGIST, BREAST IMAGING—The H. Lee 
Moffitt Cancer Center and Research Institute at 
the University of South Florida has a faculty posi- 
tion available for a diagnostic radiologist with 
fellowship training or subspecialty experience in 
mammography and all other modalities and pro- 
cedures reiated to breast imaging. The position 
includes clinical service, research, and teaching. 
Academic rank is based on qualifications. Our 
facility has a large-volume screening program and 
a multidisciplinary comprehensive breast center 
offering all diagnostic and therapeutic services. 
Interested candidates should contact Robert 
Clark, M.D., Dept. of Radiology, Moffitt Cancer 
Center, P. O. Box 280179, Tampa, FL 33682-0179. 
12-2ap 


RADIOLOGIST, ABDOMINAL IMAGING—The H. 
Lee Moffitt Cancer Center and Research Institute 
at the University of South Florida has a faculty 
position available for an abdominal radiologist 
with fellowship training or equivalent subspecialty 
experience. Interest and expertise in all imaging 
modalities and procedures related to abdominal 
radiology are preferred. The position includes 
Clinical service, research, and teaching. Aca- 
demic rank is based on qualifications. Our facil- 
ity is a state-of-the-art complex; the compensation 
package is excellent. Interested candidates 
snould contact Robert Clark, M.D., Dept. of 
Radiology, Moffitt Cancer Center, P. O. Box 
280179, Tampa, FL 33682-0179. 12-2ap 


DIAGNOSTIC RADIOLOGIST—Progressive, 
4-member group in eastern North Carolina seeks 
BC/BE radiologist. ACR-accredited practice in- 
cludes 350-bed regional referral hospital, out- 
patient office, and women’s diagnostic center. 
State-of-the-art equipment. Excellent financial 
package. Send letter and CV to Box W8, AJR (see 
address this section). 11-4ap 


NORTHERN CALIFORNIA/SAN FRANCISCO 
BAY AREA—The Permanente Medical Group is 
seeking a BC radiologist with multimodality inter- 
ests and fellowship training in MR or interven- 
tional radiology to join a 10-person group serving 
a 337-bed acute-care hospital and 2 outpatient 
clinics. Teaching opportunities are available with 
residents of subspecialty services on rotation from 
Stanford University Hospital and our own medical 
residents. We are currently siting a GE 1.5-T MRI 
system and installing a new LU arm. Competitive 
salary and excellent benefits. Please send in- 
quiries and CV to Bruce Baker, M.D., Chief, Dept. 
of Radiology, Kaiser-Permanente Medical Center, 
900 Kiely Blvd., Santa Clara, CA 95051; 
(408) 236-4444. EOE. 2-4a 


DIAGNOSTIC RADIOLOGIST—Radiologists seek 
board-certified radiologist with experience in CT, 
nuclear medicine, general radiology, and ultra- 
sound including Doppler, for a hospital-based, 
private practice in 225-bed general hospital in 
Forest Hills, NY. MRI pending. Immediate open- 
ing leading to partnership. Contact M. Tartell, 
M.D.; (718) 544-5858. 1-2ap 
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FACULTY NEURORADIOLOGIST, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL—The 
Dept. of Radiology at Thomas Jefferson Univer- 
sity Hospital and Jefferson Medical College, 
Philadelphia, will have a new faculty neuroradi- 
ology position available July 1, 1990. This is due 
to rapid growth in our neuro/ENT division and the 
opening of 3 additional MRI units by that date. Jef- 
ferson has very large and active neurology, neuro- 
surgery, and ENT clinical services, as well as 
strong commitments to research and teaching. 
Our Neurosciences Imaging Center includes 
angio, myelography, CT, and MRI units together 
in a discrete area of the dept. The current neuro/ 
ENT division includes 5 full-time faculty and 4 
fellows. Candidates can be either at the junior or 
senior level; rank and compensation will be deter- 
mined by previous experience. Excellent salary 
and benefits are provided. Contact David C. Levin, 
M.D., Chairman, Dept. of Radiology, Thomas Jef- 
ferson University Hospital, Philadelphia, PA 19107. 
Jefferson is an equal opportunity/affirmative 
action employer. 2xa 


THE DEPT. OF RADIOLOGY AT TRIPLER ARMY 
MEDICAL CENTER, HONOLULU, HI, is recruiting 
academically oriented radiologists for several divi- 
sions of the dept.: ultrasound, CT and/or MRI, in- 
terventional radiology, chest radiology, 
neuroradiology, and general diagnostic radiology. 
Our dept. offers a fully accredited residency pro- 
gram with 16 residents and 16 attending full-time 
staff. Numerous consultants from across the 
country lecture on a continuing and regular basis. 
The hospital is a modern, tertiary-care center ser- 
vicing Hawaii and the entire Pacific basin. A 
strong residency program, a diverse and in- 
teresting patient population, excellent equipment, 
and a tropical lifestyle are positive aspects of the 
practice. Academic credentials and/or experience 
are necessary. Recently graduated fellows are 
encouraged to apply. Board certification is man- 
datory. Candidates should be particularly inter- 
ested in patient care, teaching, and research. 
Salary and benefits are competitive and gener- 
ous. Tripler is an EO/EEO employer. Please con- 
tact Dr. Mark F. Hansen, Col, MC, Chief, Dept. of 
Radiology, TAMC, HI 96859-5000; (808) 433-6393. 
2a 


NEURORADIOLOGIST/MRI—Two positions 
available; Fellowship training a necessity. Group 
of 7 radiologists seek BC colleague in multihos- 
pital practice. Must be capable as general diag- 
nostic radiologist as well. Position available July 
1990. Send letter and CV to Neel E. Bennett, M.D., 
Medical Director and Chairman, Dept. of Radiol- 
ogy, Holy Cross Hospital, 1050 E. South Temple, 
Salt Lake City, UT 84102; (801) 350-4636. 2xa 


UNIQUE POSITION/SOUTHERN CALIFORNIA— 
Ultrasound specialist wanted to join a unique, 
hospital-based private practice in diagnostic ultra- 
sound. Excellent starting salary for the right per- 
son. We seek a trained radiologist with superb 
ultrasound imaging skills. Strong background and 
expertise in OB-GYN, abdomen, vascular, color 
Doppler, and pediatric imaging is required. Inter- 
ventional, intraoperative, and pediatric echocar- 
diography experience would be beneficial. Appli- 
cants should be enthusiastic, competent, and 
interested in keeping up with the latest techniques 
and procedures. State-of-the-art equipment used 
in a stimulating and friendly environment. Oppor- 
tunities for teaching and research are abundant. 
Flexible hours and liberal vacations allow for time 
to enjoy life at the beach or with family. This is 
an excellent opportunity for a permanent position 
with a well-respected, dynamic group of profes- 
sionals Please send CV to Michael Crade, M.D., 
Medica! Director, Diagnostic Ultrasound, Long 
Beach Memorial Medical Center, 2801 Atlantic 
Ave., Long Beach, CA 90801; (213) 595-2337. 1-2a 


CLASSIFIED ADVERTISEMENTS 


OPPORTUNITY FOR YOUNG, WELL-TRAINED, 
AGGRESSIVE RADIOLOGIST to join 5-person 
group in a small, midwestern city near St. Louis. 
Excellent equipment including mobile MRI. Com- 
petitive salary leading to early partnership. Reply 
to Box U40, AJR (see address this section). 2xap 


DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing for a board-certified/eligible general 
diagnostic radiologist at the VA Medical Center, 
Atlanta, GA. Must be proficient in body CT, ultra- 
sound, and related interventional procedures. We 
offer a full range of federal employee benefits. 
Qualified applicants will receive a clinical faculty 
appointment at the Emory University Medical 
School. For further information, call Jeanie 
McCleery at (404) 728-7637 or write VA Medical 
Center, 1670 Clairmont Rd., Atlanta (Decatur), GA 
30033. EOE. 1-4a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 2-4xa 


THE OREGON HEALTH SCIENCES UNIVER- 
SITY, Dept. of Radiology, Portland, OR, invites 
applications for faculty positions in MRI, neuro- 
radiology, general radiology, skeletal radiology, 
vascular and interventional radiology, GU 
radiology, pediatric radiology, computed body 
tomography, and ultrasound. A second Ph.D. 
NMR scientist also is being sought. The Oregon 
Health Sciences University is an affirmative ac- 
tion, equal opportunity employer. Send CV to 
Richard W. Katzberg, M.D., Chairman of Diag- 
nostic Radiology, L340, The Oregon Health 
Sciences University, 3181 S.W. Sam Jackson Park 
Rd., Portland, OR 97201-3098. 5-4ap 


Fellowships and Residencies 


PEDIATRIC RADIOLOGY FELLOWSHIP—The 
Dept. of Radiology at Children’s Hospital of 
Philadelphia (CHOP) offers a 1- or 2-yr pediatric 
radiology fellowship beginning July 1, 1990. 
CHOP is a 294-bed pediatric hospital. Radiology 
has an attending faculty of 11 and performs 
80,000 cases/yr (plain films, fluoroscopy, ultra- 
sounc, CT, nuclear medicine, neuroradiology, 
angiography/interventional radiology, and MRI). 
Our equipment is state-of-the-art and new since 
1988, including ATL ultrasound equipment, with 
duplex and color-flow Doppler, gamma camera 
with SPECT, and a high-resolution fast Siemens 
Somatom Plus CT scanner. A 1.5-T Siemens 
Magnatom MRI installation devoted to children 
has recently opened. We have an active teaching 
program for radiology residents and fellows. The 
patient population is large and varied, from 
routine emergencies to complicated tertiary-care 
problems. The fellowship provides not only a 
broac clinical experience with subspecialty train- 
ing but offers opportunities for clinical and basic 
research and scholarship. Applicants must have 
completed a diagnostic radiology residency, be 
board-certified or eligible, and must obtain a 
Pennsylvania medical license. Special (1-yr) 
cross-sectional imaging (CT, ultrasound, and MRI) 
fellowships negotiable also. Salary and fringe 
bene‘its are highly competitive. Address inquiries 
to Sendra S. Kramer, M.D., Dept. of Radiology, 
The Children’s Hospital of Philadelphia, 34th St. 
and Civic Center Blvd., Philadelphia, PA 19104; 
(215) 590-2575. The Children’s Hospital of Phila- 
delphia and the University of Pennsylvania are 
equal opportunity/affirmative action employers. 


2-4cp 
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A FELLOWSHIP IN VASCULAR/INTERVEN- 
TIONAL RADIOLOGY is offered at the Universi- 
ty of Maryland beginning July 1, 1990. The fellow 
will participate in all aspects of diagnostic vascu- 
lar radiology, as well as nonvascular interventional 
procedures, including percutaneous and laser 
angioplasty, embolization, biliary and GU inter- 
vention, and insertion of IVC filters. Contact 
Gerald S. Johnston, M.D., Dept. of Diagnostic 
Radiology, 22 S. Greene St., Baltimore, MD 
21201. 2cp 


FELLOWSHIP IN PEDIATRIC RADIOLOGY AT 
CHILDRENS HOSPITAL LOS ANGELES—CHLA 
is offering fellowships starting July 1991 in general 
pediatric radiology, pediatric neuroradiology, and 
pediatric nuclear radiology. This 300-bed hospital 
has 8 full-time radiology faculty and extensive 
pediatric specialty services. The dept. is equipped 
with MRI, color Doppler ultrasound, CT, SPECT. 
special procedures suite, and PET scanning (at 
USC campus). Research programs are in place. 
Active transplant, oncology, neurology, neonatal, 
and trauma services are features of the hospital. 
Send inquiries to Beverly P. Wood, M.D., Dept. of 
Radiology, 4650 Sunset Blvd., Los Angeles, CA 
90027; (213) 669-5686. Childrens Hospital Los 
Angeles is an affirmative action/equal opportunity 
employer. 2-3cp 

FELLOWSHIP IN MRI/CT/ULTRASOUND— 
Starting July 1, 1990, a 1-yr fellowship is available 
at the Medical Center of Delaware, an 1100-bed, 
tertiary-care, teaching hospital performing over 
2100 body and spine MR, 3600 body and spine 
CT, and 10,000 ultrasound studies/yr. The 
fellowship program offers training in body MRI, 
CT, and ultrasound. MRI and CT of the spine are 
included, and experience in cranial MRI is avail- 
able as an elective. For further information, con- 
tact John S. Wills, M.D., Dept. of Radiology, 
Medical Center of Delaware, Newark, DE 19718. 
2-3cp 

FELLOWSHIP IN EMERGENCY IMAGING—One- 
yr fellowship available, beginning July 1, 1990, 
which offers training in imaging of traumatic and 
nontraumatic emergencies from Massachusetts 
General Hospital Emergency Ward. 170-200 
cases performed daily. The division s equipped 
with a GE 9800 Quick CT scanner, ultrasound, 
fluoroscopy, and tomography. Experience with 
3-dimensional and MR imaging is available. In ad- 
dition to clinical responsibilities, there are oppor- 
tunities for research and teaching. For further 
information, please contact Robert A. Novelline, 
M.D., Dept. of Radiology, Massachusetts General 
Hospital, Boston, MA 02114; (617) 726-8796: 
fax (617) 726-6808. 2cp 


FELLOWSHIPS IN NEURORADIOLOGY—The 
Dept. of Radiology at the University of Texas Med- 
ical School at Houston has openings for 1- and 
2-yr neuroradiology fellowships to begin July 1990 
and July 1991. Under faculty supervision, can- 
didates will be responsible for neuroradiologic 
exams and procedures (i.e., angiograms, myelo- 
grams, CT, MR imaging, and in vivo spectro- 
scopy). The candidate will participate in teaching 
at the medical student and resident levels and will 
conduct basic or clinical research. Candidate 
must be a graduate of an approved U.S. medical 
school or its equivalent, must have completed an 
approved resicency in diagnostic radiology, must 
be a diplomate of the ABR, and must have a Texas 
medical license. Please submit CV, along with the 
names and addresses of 3 references, to John H. 
Harris, Jr., M.D., D.Sc., Professor and Chairman, 
Dept. of Radiology, The University of Texas Med- 
ical School at Houston, 6431 Fannin St., Ste. 
2.132, Houston, TX 77030. The University of Texas 
Health Science Center at Houston is an equal op- 
portunity employer. Women and minorities are en- 
couraged to apply. 1-6c 
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ANGIOGRAPHY/INTERVENTIONAL RADIOL- 
OGY FELLOWSHIP—New York Medical College 
will offer a 1-yr fellowship to begin July 1, 1991. 
The program includes training in all phases of 
diagnostic angiography and interventional radio- 
logic techniques. Training is based at Westchester 
County Medical Center, a 650-bed, tertiary-care 
center located on the medical college campus in 
a prestigious suburban setting only about 1⁄2 hr 
from New York City. Active participation in clinical 
management of patients is emphasized. Approx- 
imately 900 procedures were performed in 1989. 
Current reseerch interests include transmesen- 
teric sclerosis of portal varices and hepatic arterial 
chemoembolization. A new digital interventional 
Suite will open in February 1990. A digital biplane 
imaging suite is anticipated before July 1991. For 
additional information and application, contact 
Stuart Katz, M.D, Dept. of Radiology, New York 
Medical College, Valhalla, NY 10595; (914) 285-8388. 
2-4c 


THE DEPT. OF RADIOLOGY, UNIVERSITY OF 
SOUTH FLORIDA offers fellowships in neurora- 
diology, interventional radiology, oncologic imag- 
ing, and abdominal imaging. Fellowships include 
Clinical and research activities. Our facility is a 
State-of-the-art complex with excellent equipment 
and staff in all imaging modalities. Applicants 
should send CV to Robert Clark, M.D., Dept. of 
Radiology, H. Lee Moffitt Cancer Center & 
Research Inst tute, P. O. Box 280179, Tampa, FL 
33682-0179. 12-2cp 


FELLOWSHIPS IN PEDIATRIC RADIOLOGY, 
JULY 1991—The Dept. of Radiology, Children’s 
Hospital Medical Center, Cincinnati, OH, offers 1- 
or 2-yr fellowships in pediatric radiology beginning 
July 1991. Chi dren’s Hospital Medical Center is 
a 355-bed institution where approximately 100,000 
radiological exams are performed annually by 13 
full-time faculty radiologists. Four fellowship posi- 
tions are available annually. Training includes all 
aspects of pediatric imaging: neonatal radiology, 
neuroimaging, musculoskeletal radiology, cardio- 
vascular and thoracic imaging, abdominal imag- 
ing, oncologic imaging, ultrasonography, nuclear 
medicine, CT, MRI, and vascular/interventional 
techniques. Facilities include digital fluoroscopy, 
Acuson and ATL ultrasound units with Doppler 
and color-flow Doppler capabilities, Gamma and 
SPECT tomographic nuclear cameras, GE 9800 
Quick CT scanner, 1.5-T GE MRI, and cardiac 
catheterization/angiographic suite with digital 
vascular imaging. Numerous opportunities to par- 
ticipate in both clinical and basic research. Salary 
and fringe benefits are highly competitive. Candi- 
dates must be board-certified or board-qualified 
in diagnostic radiology and must be able to ob- 
tain an Ohio medical license. Children’s Hospital 
Medical Center and the University of Cincinnati 
College of Mecicine are affirmative action/equal 
opportunity employers. Address inquiry and CV 
to Donald R. K rks, M.D., Director, Dept. of Radi- 
ology, Children's Hospital Medical Center, Elland 
and Bethesda Aves., Cincinnati, OH 45229-2899: 
(513) 559-8058. 1-12cp 


FELLOWSHIP IN NEURORADIOLOGY—The 
Dept. of Radiology at Tufts New England Medical 
Center has an unexpected opening for a 2-yr fel- 
lowship position in neuroradiology to begin in July 
1990. Under faculty supervision, the fellow will be 
responsible for neuroradiologic exams and pro- 
cedures including arteriograms, myelograms, CT 
and MR imaging, and interventional neuroradiol- 
ogy. Clinical or basic research is encouraged. The 
candidate also will participate in resident and 
medical student teaching. Send inquiries to 
Samuel M. Wolpert, M.D., Dept. of Neuroradiol- 
ogy. Box 88, Tufts New England Medical Center, 
750 Washington St., Boston, MA 02111. 12-2cp 


CLASSIFIED ADVERTISEMENTS 


FELLOWSHIPS IN ABDOMINAL IMAGING—The 
Dept. of Radiology at the University of Texas Med- 
ical School at Houston has openings for 2 abdom- 
inal imaging fellowships to begin July 1991. Under 
faculty direction and supervision, candidates will 
further their training in the specialty of abdominal 
imaging including CT, ultrasound, and MRI 
through 4-mo rotations in each service. Candidate 
will participate in teaching in each section at the 
medical student and resident levels, will have the 
opportunity to conduct basic or clinical research, 
and will be expected to prepare and submit at 
least 1 scientific article to an appropriate refereed 
journal. Candidate must be a graduate of an ap- 
proved U.S. medical school or its equivalent, must 
have completed an approved residency in diag- 
nostic radiology, must be a diplomate of the ABR, 
and must have a Texas medical license. Please 
submit CV, along with the names and addresses 
of 3 references, to John H. Harris, Jr., M.D., D.Sc., 
Professor and Chairman, Dept. of Radiology, The 
University of Texas Medical School at Houston, 
6431 Fannin St., Ste. 2.132, Houston, TX 77030. 
The University of Texas Health Science Center at 
Houston is an equal opportunity employer. 
Women and minorities are encouraged to apply. 
1-6c 

TWO FELLOWSHIPS IN VASCULAR & INTER- 
VENTIONAL RADIOLOGY are available at the 
University of Texas Medical Branch for Jan. 1, 
1990, to Dec. 31, 1990, and July 1, 1990, to 
June 30, 1991. These positions are offered also 
to those radiologists who desire to return to an 
academic setting to acquire new skills in the 
vascular and interventional field. Very active dept. 
with up-to-date equipment provides an excellent 
opportunity for training in all interventional 
modalities. Contact L. B. Morettin, M.D., Director, 
Vascular & Interventional Radiology, University of 
Texas Medical Branch, Galveston, TX 77550: 
(409) 761-2498. UTMB is an equal opportunity 
M/F/H/V affirmative action employer. UTMB hires 
only individuals authorized to work in the United 
States. 12-2c 


MRI FELLOWSHIP AT THOMAS JEFFERSON 
UNIVERSITY HOSPITAL—A new MRI fellowship 
position has been created in the Dept. of Radi- 
ology of Thomas Jefferson University Hospital, 
Philadelphia. This 1-yr position encompasses a 
full range of clinical and research activities. The 
MRI division includes 6 staff physicians, 2 MRI 
physicists, and 3 Signa systems (1.5T). The posi- 
tion is available as of Jan. 1990, but applications 
will also be taken for the academic year begin- 
ning in July 1990. Send inquiries to Matthew Rifkin, 
M.D., Dept. of Radiology, Thomas Jefferson Uni- 
versity Hospital, Philadelphia, PA 19107. Jefferson 
is an equal opportunity/affirmative action 
employer. 9-6c 


NEURORADIOLOGY FELLOWSHIP, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL—An 
unexpected opening for a neuroradiology fellow 
is available in the Dept. of Radiology at Thomas 
Jefferson University Hospital, beginning July 
1990. The Division of Neuroradiology has close 
Clinical and research relationships with Jeffer- 
son's very active neurology, neurosurgery, 
orthopedic surgery, and otolaryngology depts. 
Complete training in ENT radiology is part of this 
program. Five full-time faculty members currently 
staff this division. Clinical facilities include 2 
dedicated CT scanners, a myelography room, a 
biplane angiography room with DSA, and a GE 
1.5-T MRI unit. Two more MRI units will be opera- 
tional by the summer of 1990. Contact Carlos 
Gonzalez, M.D., Director of Neuroradiology, 1009 
Main Bldg., Thomas Jefferson University Hospi- 
tal, Philadelphia, PA 19107; (215) 928-5447. Jef- 
ferson is an affirmative action/equal opportunity 
employer. 2xc 
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THE NEW YORK HOSPITAL-CORNELL MEDI- 
CAL CENTER, Dept. of Radiology, has a 1-yr 
fellowship position available beginning July 1, 
1990 in GU radiology. The program will involve 
participation in clinical aspects of GU imaging in- 
cluding urography, CT, sonography, and MRI. 
Opportunity for research, particularly involving 
MRI, is offered. Applicants should be ABR- 
certified or eligible. Interested candidates should 
contact and send CV to Susan Krysiewicz, M.D., 
Dept. of Radiology-Starr 8A15, The New York Hos- 
pital-Cornell Medical Center, 525 E. 68th St., New 
York, NY 10021; (212) 746-2557. 11-2cp 


FELLOWSHIP POSITIONS—Applications are in- 
vited now for July 1991. Positions are available in 
neuroradiology, vascular/interventional radiology, 
and body imaging (CT/ultrasound/MRI). For infor- 
mation, contact James R. Schmidgall, M.D. or 
Richard W. Katzberg, M.D., Chairman, Dept. of 
Radiology, L-340, Oregon Health Sciences Uni- 
versity, 3181 S. W. Sam Jackson Park Rd., 
Portland, OR 97201. 7-6c 


FELLOWSHIPS AT THOMAS JEFFERSON UNI- 
VERSITY HOSPITAL—The Dept. of Radiology at 
Thomas Jefferson University Hospital in Phila- 
delphia offers 6 different fellowship programs 
each yr: ultrasound/CT/MRI - contact Barry 
Goldberg, M.D.; cardiovascular/interventional - 
contact Geoffrey Gardiner, Jr., M.D.; neuroradi- 
clogy/ENT - contact Carlos Gonzalez, M.D.; chest/ 
breast imaging - contact Robert Steiner, M.D. or 
Stephen Feig, M.D.; MRI - contact Matthew Rifkin, 
M.D.; and musculoskeletal (including MRI) - con- 
tact David Karasick, M.D. We have a large and 
well-equipped dept. performing 180,000 exams/yr. 
Our ultrasound division occupies a spacious new 
facility and provides training in all phases of ultra- 
sound, including obstetrical, vascular, lithotripsy, 
and endoluminal. The dept. has 3 modern CT 
scanners and operates 3 GE 1.5-T MRI units also. 
The interventional radiology division recently has 
opened an entirely new angio suite housing state- 
of-the-art Philips units with DSA. This division 
performs the full range of both vascular and 
nonvascular interventional procedures. The 
neuroradiology division is housed in a neuro- 
sciences imaging center containing all imaging 
modalities in a single comprehensive facility. 
A large new breast imaging center now operates 
5 mammography units and performs breast ultra- 
sound studies also. All program directors listed 
above can be contacted at the Dept. of Radiology, 
Thomas Jefferson University Hospital, Philadel- 
pnia, PA 19107. Jefferson is an equal opportunity/ 
affirmative action employer. 2xc 


FELLOWSHIP IN ULTRASOUND AND BODY 
CT/MRi—July 1, 1991 to June 30, 1992, at the 
New York Hospital/Cornell Medical Center. Dept. 
provides state-of-the-art equipment, including 
Acuson ultrasound, GE 9800 CT, and GE Signa 
15-T MR. Wide variety of ultrasound exams 
include abdominal, OB-GYN, color Doppler, small 
parts, neonatal head, transvaginal, and transrec- 
tal. Applicants should be ABR eligible or certified. 
Send CV to Elias Kazam, M.D., Dept. of Radiol- 
ogy, The New York Hospital/Cornell Medical 
Center, 525 E. 68th St., New York,NY 10021. 
1-3cp 


CARDIOVASCULAR-INTERVENTIONAL RADI- 
OLOGY FELLOWSHIP—Available July 19, 1989. 
One-year fellowship program at a 750-bed teach- 
ing hospital. Extensive clinical experience involv- 
ing all aspects of cardiovascular imaging, inter- 
ventional vascular and nonvascular procedures, 
and availability for clinical or animal research. 
Send CV and Inquiries to Oscar H. Gutierrez, 
M.D., Dept. of Radiology, Box 648, University of 
Rochester Medical Center, Rochester, NY 14642. 
An equal opportunity employer (M/F). 1-6c 


- 
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VASCULAR FELLOWSHIP, BOSTON, MA—One- 
yr vascular and interventional fellowship available 
at Tufts New England Medical Center Hospitals 
beginning July 1, 1990. Angiography includes PA 
grams, selection carotids, and pediatric angio. In- 
terventions include angioplasty, laser, atherec- 
tomy, lytic RX, and biliary and endo-urology. 
Candidate must have Massachusetts license and 
be board-eligible. Two positions available each yr. 
Contact Victor G. Millan, M.D., Tufts New England 
Medical Center Hospitals, Box 253, 750 Washing- 
ton St., Boston, MA 02111; (617) 956-5961 
(Barbara). 12-2cp 


PEDIATRIC RADIOLOGY FELLOWSHIP, IM- 
MEDIATE OPENING—Position available for 
fellowship in pediatric radiology, 1 or 2 yr, begin- 
ning on July 1, 1990, or July 1, 1991. Full training 
with abundant hands-on experience with all im- 
aging modalities. Supported by strong Dept. of 
Pediatrics with a good mixture of patient material. 
Excellent teaching on a 1-to-1 basis and ample 
opportunity for pursuing academic interests. Ap- 
ply to Leonard E. Swischuk, M.D., Dept. of Radi- 
ology, The University of Texas Medical Branch, 
Child Health Center, C-65, Galveston, TX 77550; 
(409) 761-2096. UTMB is an equal opportunity 
M/F/H/V affirmative action employer. UTMB hires 
only individuals authorized to work in the United 
States. 2-4c 


PGYIII RESIDENCY POSITION—Unexpected 
vacancy in diagnostic radiology 4-yr residency 
program beginning July 1990. Community hospi- 
tal with rotations in CT, ultrasound, nuclear 
radiology, MRI, and special procedures. Two 
residents per yr. Submit CV to John W. Kennard, 
M.D., Program Director, Dept. of Radiology, Ohio 
Valley Medical Center, 2000 Eoff St., Wheeling, 
WV 26003 or call Mrs. Carol Black at (304) 234-8421. 
2c 


Tutorials/Courses 


ALASKA 90—CRUISE THE INLAND PASSAGE, 
July 6-13, 1990. Patrick Colletti, M.D., University 
of Southern California, MRI tutorial and course. 
Category | CME credits. For information, contact 
Medical Seminars International, Inc., 9800 D 
Topanga Canyon Blvd., Ste. 232, Chatsworth, CA 
91311; (818) 700-9821. 1-6d 


Other 


VISITING PROFESSORSHIP, THOMAS JEF- 
FERSON UNIVERSITY HOSPITAL—The Dept. of 
Radiology at Thomas Jefferson University 
Hospital in Philadelphia offers a visiting professor- 
ship in our Division of General Diagnostic 
Radiology. The position commences July 1990 
and will be available for 2 yr, while several of our 
faculty members are on sabbatical leave. Funding 
for the position is appropriate for a senior faculty 
member from another institution on sabbatical 
with partial funding or for a junior faculty member. 
In addition to working in the General Diagnostic 
Division, the visiting radiologist will have access, 
for research or educational purposes, to state-of- 
the-art MRI, CT, and ultrasound units, and to well- 
equipped physics and physiology research labo- 
ratories. Liberal research time will be available. 
Interested individuals should contact David C. 
Levin, M.D., Chairman, Dept. of Radiology, 
Thomas Jefferson University Hospital, Philadel- 
phia, PA 19107. Jefferson is an equal opportun- 
ity/affirmative action employer. 11-10e 


CLASSIFIED ADVERTISEMENTS 


EIGHTH WINTER CONGRESS: DAVOS, SWIT- 
ZERLAND—March 10-17, 1990. Category | 
accreditation; international faculty. MRI, CT, ultra- 
sound, and interventional. For information, 
contact Medical Seminars, 9800 D Topanga 
Canyon Blvd., Ste. 232, Chatsworth, CA 91311; 
(818; 700-9821. 10-2e 
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LOIRE VALLEY BICYCLE ULTRASOUND CO 
GRESS, Sept. 22-29, 1990. Optional, followii 
Sixth London-Paris Fall Ultrasound Congress. F 
information, contact Medical Seminars Intern 
tional, Inc., 9800 D Topanga Canyon Blvd., S 
232, Chatsworth, CA 91311; (818) 790-9821. 1-' 
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Southern California 


opportunity with 
time for family 


Growing, two-physician partnership requires 
radiologist (BC by 7/90) experienced in stan- 
dard modalities—mammo, US, CT, MR—with 
little or no interventional. No weekends, no 
call, flexible hours, independent reading. 
30,000+ yearly exams in outpatient, multi-site 
clinics, including central imaging center. Ex- 
cellent salary, early partnership. Must be 
honest and personable, and possess excep- 
tional communication skills. Great opportuni- 
ty to enjoy career and life. 





Call, or submit CV to: 


Ruthan Smith 
Pacific Physician Services 
12 North Fifth Street 
Redlands, CA 92373 
(800) 338-4798 
or (714) 825-4401 in CA 

















FELLOWSHIP IN VASCULAR 
INTERVENTIONAL RADIOLOGY 


Aone year post residency fellowship in vascu- 
lar and interventional radiolocy beginning 
July 1, 1990, is offered by the Department of 
Radiology at the St. Louis Univesity Medical 
Center. 


Requests for applications may he directed to: 


P.F. Joyce, M.D. 

Chief, Interventional Radiology 
St. Louis University Medical Center 
3635 Vista at Grand 
St. Louis, MO 63110-0250 


St. Louis University is an 
Equal Opportunity Employer 
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